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ABSTRACT 
Urban ecosystems are often generally characterized as relatively hostile environments 
for tree growth due to high level of human interference. For this study, 320 established 
healthy open-crown trees were sampled according to community population levels 
(approximately 0, 500, 5,000, and 50,000 people) and by land uses (city parks, residential, 
and commercial sites) in 5 Midwestern states. The first objective was to examine variation in 
tree characteristics (age, height, diameter, growth, and condition ratings) based on 
community populations and land uses. The second objective was to examine variation in 
number of competitors and the relationship of competition to growth rates according to 
community population levels and land use. The third objective was to evaluate the 
relationship of individual and combined biotic and abiotic factors to tree growth rates. For 
all three objectives, tree growth rates were defined as mean annual ring width averaged over 
the last 10 years (mm yea{1). Each sample tree was mapped and number of competitors 
within 20 m and the location ( distance and angle) of anthropogenic features were noted. 
Biotic factors considered included the number of competitors within a radius of 20 m ( and 9 
m), and presence of disease, insects, and human-induced mechanical injury. Abiotic factors 
that were determined included core bulk density (g cm-3), soil pH, soil electrical conductivity 
(µS cm-1), presence of pavement and foundation, and distance from pavement and 
foundation. Additional abiotic factors were evaluated for the Iowa-2 cluster, and included 
available soil potassium, available soil phosphorous, percent of soil organic matter and 
percent clay. According to community population gradient, rural park sites had greater mean 
age (67 years) compared to small, medium, and large towns (51, 40, 39 years, respectively). 
Rural parks also had lower mean growth rates (3.5 mm yea{1) compared to small, medium, 
lX 
and large towns (4.6, 4.7, and 4.6 mm yeaf1, respectively). According to land use, both 
mean age and mean growth rate were higher for city parks ( 54 years and 5 .2 mm yeaf 1, 
respectively) compared to commercial sites (24 years and 4.1 mm yeaf1, respectively); 
residential trees had intermediate age, size, and growth rate characteristics. According to 
community population gradient, mean number of potential competitors within 20 m was 
higher in rural parks, and also was related to slower tree growth rates. According to land use, 
city parks and residential sites had higher mean number of potential competitors, with no 
significant relationship to tree growth rate. Trees that had no competitors within 9 m had 
higher mean growth rates (4.8 mm yeaf1) compared to those that had more than three 
competitors (3.0 mm year-1). Biotic factors that were more associated to tree growth rate 
compared to the other dependent variables were number of competitors within 9 m, presence 
of disease, insects, and mechanical injury. Abiotic factors that were more related to tree 
growth rate compared to the other dependent variables were presence of pavement, and soil 
bulk density. The combined biotic factors were related to tree growth rate for all species and 
silver maple in all sampled sites. The combined abiotic factors were related to tree growth 
rate for lowa-2 cluster. In conclusion, both community population gradient and land use had 
a significant relationship to tree growth rate. Number of trees within 20 m of each sample 
tree increased as community population decreased and as intensity of land use decreased, 
with a significant relationship to tree growth rates for rural sites. Both the individual and 
combined biotic and abiotic factors were related to tree growth rates. 
CHAPTERl.GENERALINTRODUCTION 
Introduction 
Perry ( 1994) defines an ecosystem as "a community of interacting species, taken 
together with the physical environment within which it exists and with which the species 
composing the community also interact". Urban ecosystems involve the complex 
interactions of people and their physical environments, which include natural elements as 
well as human-made elements. Humans shape and dominate urban settings according to their 
own needs, and the degree of human impact has been suggested to vary according to 
population level and particular land uses. Increased intensity of human activities in urban 
settings has been suggested to have a pronounced effect on urban trees. However, many 
suppositions about the impact of human activities on tree growth in the urban environment 
have been generally based on anecdotal evidence. 
More systematic study of tree parameters such as age, height, diameter, growth rates, 
and general condition rating in well-characterized urban settings is needed. Research is also 
necessary to more adequately identify and evaluate the relationship of competition on tree 
growth in urban areas. Finally, the overall relationship of a suite of biotic and abiotic 
environmental factors on tree growth needs to be studied to develop a clearer understanding 
of their influence on tree growth. 
Thesis Organization 
This thesis consists of five chapters, three of which are manuscripts formatted for 
submission to specific journals. Chapter 1 is the general introduction. Chapter 2 describes 
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sample tree characteristics according to community population gradient and land use, and is 
formatted for submission to the Journal of Arboriculture. Chapter 3 describes and evaluates 
the effect of competition on tree growth, and is formatted for submission to Landscape and 
Urban Planning. Chapter 4 evaluates the influence of biotic and abiotic factors on tree 
growth, and is formatted for submission to the Journal of Arboriculture. Finally, Chapter 5 
offers general conclusions on the study. 
Literature Review 
Urban Ecology 
Urban ecosystems are subject to levels of human manipulation that cause them to 
differ from natural forested ecosystems. However, limited research has focused on 
characterizing environmental/biological differences between those ecosystems. Past research 
has indicated that urban settings are associated with higher air temperatures ( e.g. the urban 
heat island) and lower relative humidity compared to naturally forested areas (Botkin, 1997; 
Close et al., 1996; Johnson et al., 1974; Whitlow and Bassuk, 1987). The combination of 
higher air temperature and increased human activities ( e.g. vehicle traffic) result in increased 
levels of air pollution, both particulate and gaseous (Botkin, 1997; Habjorg, 1988). 
Infrastructure elements such as sidewalks, sewers, and roads are dominant features in urban 
areas but are often absent in naturally forested areas. In addition, urban areas are frequently 
characterized by confined spaces for both above and below-ground tree growth (Kopinga, 
1991). 
Urban settings are also characterized by lower soil moisture content (Close et al., 
1996) and higher soil temperature (Graves and Dana, 1987) compared to naturally forested 
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areas. Increased soil pH, available potassium levels, and soil salt content are also 
characteristics in urban settings compared to natural forested areas (Close et al., 1996). 
Biological elements including competitive trees (Nowak and McBride, 1991), or fungi and 
soil invertebrates (McDonnell et al., 1993) were less numerous in urban settings compared to 
natural settings. The combined effect of many factors result in discemable differences 
between urban and naturally forested settings that may have a significant effect on trees. 
Effect of the Urban Environment on Tree Characteristics 
The generally held view that increasing anthropogenic influence creates an 
inhospitable environment for tree growth has led to concern for tree success in urban settings. 
Tree characteristics such as age, height, diameter, growth rates, and condition are sensitive to 
environmental alterations and can reflect the degree of human impact. Tree age may indicate 
the potential life span of a tree in relation to its immediate growing environment. Thus, tree 
age may reflect the potential ability of a site ( e.g. relative to population level or a particular 
land use) to support long-term tree growth. Tree height and diameter are quick and 
commonly used indicators that describe tree growth. Height is generally thought to be a 
good site quality indicator ( e.g. soil fertility), while diameter is more sensitive to competition 
from adjacent trees (Smith, 1986). 
Actual tree ring width is a more precise indicator of tree growth due to its high 
sensitivity to both environmental and biological features in the immediate environment. Tree 
ring widths are affected by vegetative competition and other site-related factors, such as soil 
moisture regimes, which affect radial growth by influencing photosynthetic rates 
(Schweingruber, 1996; Smith, 1986). Some dendrochronological studies have examined the 
impact of competitive vegetation on tree growth (e.g. Lorimer, 1983; Hix and Lorimer, 
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1990). Climatological studies have also indicated the importance of soil moisture to tree ring 
widths for woodland areas (Yasue et al, 1996; Brakel and Visser, 1996; Payette et al., 1996). 
Tree condition (usually characterized by a rating system) is an additional parameter 
that can indicate growth problems associated with site-specific conditions. Lower condition 
ratings may be due to defoliation, decay, or dieback, associated with insects (Rhoades and 
Stipes, 1999), pathogens (Mallet and Volney, 1999), or other environmental factors (e.g. 
restricted growing space) that can potentially diminish tree growth. As level of human 
interference increases, age, growth rates, and condition ratings of the trees could indicate 
environmental problems that influence tree growth. Some of the previous work related to 
human population levels will be summarized in the following paragraphs. 
Effect of Human Population Levels on Tree Characteristics 
Research that specifically addresses the progressive impact of increasing human 
influence on biological elements in urban ecosystems, in particular trees, is limited. Proxies 
that have been used in past research to reflect a gradient in human impact include human 
population densities (people km-1) (Nowak et al., 1996) or spatial transects based on distance 
from a large metropolitan area (km) (Pouyat et al., 1995; Watmough et al., 1998; McPherson, 
1998). 
Some analysis of population impacts on tree characteristics ( e.g. age, growth rates, 
and condition ratings) has been reported. Based on anecdotal information, mean ages of trees 
in populated urban areas (32 years) were lower compared to rural settings (150 years) for 
cities in at least 21 states in the U.S. (Moll, 1989). Increased diameter growth rates have 
been noted in urban settings compared to naturally forested areas (Rhoades and Stipes, 1999, 
in Virginia, Nowak and McBride 1991, in California). A study conducted by Beatty and 
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Heckman (1981), in the north central region of the U.S. indicated that tree condition 
( associated with disease, wind, and moisture) was worse in towns with community 
populations between 10,000-99,000 than in metropolitan areas with greater community 
population (>99,000). In a study oflowa street trees, better condition ratings were noticed 
with increased population for community population levels that ranged from 500 to 10,000 
people (Wray and Prestemon, 1983). 
Some researchers have analyzed edaphic properties in urban settings according to 
population levels. Pouyat et al. (1995) reported lower soil pH, higher soil electrical 
conductivity, and higher percent of organic matter for woodland sites close to the urban areas 
along an urban-to-rural transect extending from metropolitan New York to nearby rural 
areas. Close et al. ( 1996) found higher salt and available potassium levels, and higher soil 
pH values in urban settings compared to naturally forested areas. 
Effect of Land Use on Tree Characteristics 
Similar to community population levels, land use within the same community may 
reflect level of human impact in urban ecosystems based on intensity of site utilization. Land 
use refers to the use of property for commercial, industrial, residential, or public purposes 
(Kent, 1990). Historically, these land uses became physically segregated by the use of 
zoning laws. Commercial sites are usually associated with predominance of infrastructural 
elements (buildings, parking areas) compared to other sites (e.g. parks) to better serve high 
levels of human activities. As McDonnell et al. (1993) point out, often zoning regulations 
have resulted in "asymmetric rings" within urban areas that have different intensities of land 
use. Commercial land use is generally regarded as more intense utilization of a site compared 
to other land uses such as parks and open spaces. Intensity of utilization may be correlated 
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with degree of environmental modification that can affect tree growth. Limited previous 
research has directly addressed the effect of land use on tree characteristics ( e.g. age, growth 
rates, and condition rating), although a few studies will be summarized in the following 
paragraphs. 
Some studies have analyzed tree characteristics ( age, growth rate, and condition 
rating) according to land use. Anecdotal evidence indicated higher mean ages for trees on 
residential sites (32 years) compared to "downtown" settings (7 years), in a study conducted 
in at least 21 states across the U.S. (Moll, 1989). These results agree with what Foster (1978) 
noted as mean age of "downtown" (commercial) trees (10 years) in Boston. However, 
greater mean ages for highly utilized areas have also been noted, and may vary according to 
maintenance levels (Urban, 1989) and species (Richards, 1979; Polanin, 1991 ). 
A dendrochronological study conducted in Switzerland reported variation in tree 
growth according to land use, with trees in parks performing better compared to street trees 
(Joos, 1987). Kjelgren and Clark (1992) also reported faster growth rates for trees growing 
in park-like settings compared to commercial sites. Talarchek (1987), in a study of New 
Orleans trees, indicated better condition ratings for trees growing in park and commercial 
sites compared to residential sites. 
Some researchers have analyzed urban soil properties in an attempt to characterize 
edaphic site differences according to land use. Generally speaking, impacts of human 
activities on soil properties are greatest near streets and sidewalks and less in semi-natural 
areas such as parks (Kjelgren and Clark, 1992; Fostad and Petersen, 1997; Astrid and 
Eckstein, 1988; Kelsey and Hootman, 1998). Some studies have addressed soil 
characteristics for street sites between declined (visually reduced vigor) and non-declined 
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trees. Declined trees were associated with increased soil salt content (Ruark et al., 1983; 
Dyer and Mader, 1986; Berrang et al., 1985), increased plant available phosphorous (Dyer 
and Mader, 1986), and increased plant available nitrogen (Ruark et al., 1983; Dyer and 
Mader, 1986) compared to non-declined trees; tree decline was attributed to the inability of 
the trees to take up the available nutrients. 
Human activities can alter environmental conditions, and this can be indicated by tree 
characteristics. Thus, this research project was done to elucidate the potential effect of 
human impact on urban trees by explicitly examining both community population levels and 
land uses. Community population level in a variety of communities is a proxy that may 
indicate potential human impact in different urban settings. We created this new proxy by 
studying "clusters" of towns of varying sizes within a limited geographic area. Land use is 
another proxy that may also indicate a gradient in human impact within a particular 
community. We studied this by separate evaluation of sample trees from different land uses 
in the communities we worked in. Both proxies were created to develop a better 
understanding of the structure and function of urban forests that will enhance future tree 
success in human-made ecosystems. Further research is needed to examine more specific 
cause-effect relationships and tree responses according to levels of human interference. 
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CHAPTER 2. CHARACTERISTICS OF TREES SAMPLED ACCORDING TO 
COMMUNITY POPULATION GRADIENT AND BY LAND USE IN THE 
MIDWEST, U.S.A. 
A paper to be submitted to the Journal of Arboriculture 
Valasia Iakovoglou, Janette Thompson, and Lee Burras 
Abstract 
Long-term tree survival and growth are important in urban settings where there are 
high placement costs and great need for tree-derived benefits. This study was conducted in 5 
Midwestern states to examine how tree characteristics are related to community population 
gradient and land use type. Characteristics of 328 trees were assessed using age, height, 
diameter, growth rates, and condition rating. Analysis of trees sampled across the 
community population gradient revealed that trees in rural park sites had higher mean age ( 67 
years) compared to small, medium, and large towns (51, 40, 39 years, respectively). Mean 
growth rate averaged over the last 10 years in rural parks was lower (3.5 mm year-1) 
compared to small, medium, and large towns (4.6, 4.7, and 4.6 mm yeaf1, respectively). For 
trees sampled according to land use, both mean age and mean growth rate averaged over the 
last 10 years were higher for city parks (54 years and 5.2 mm year-1, respectively) compared 
to commercial sites (24 years and 4.1 mm yeaf1, respectively). Trees in residential sites had 
intermediate age, size, and growth rate characteristics. Both community population gradient 
and land use were associated with differences in tree growth rate; greater levels of human 
activities were closely associated with decreases in tree age and growth rate. 
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Introduction 
It is generally held that urban environments are relatively stressful for trees because 
they differ from forest environments with respect to a number of factors. Some of these 
factors have been studied, with particular emphasis on soils. However, few previous studies 
have quantitatively described tree characteristics in a variety of urban settings, particularly 
with respect to both community population gradient and land use. 
Woodland sites have been compared along urban to rural gradients (representing 
community population gradient) extending from the metropolitan areas of Toronto 
(Watmough et al., 1998), and New York City (Pouyat et al., 1995). Watmough et al. (1998) 
focused on differences in chemical concentrations in tree rings in relation to changes in soil 
chemical characteristics across the Toronto gradient. Pouyat et al. ( 1995) analyzed trends in 
woodland soil properties along a similar gradient extending from New York City to suburban 
and rural New York and Connecticut. Using principal component analysis, they found that 
traffic volume (r=0.778), population density (r=0.700), and road density (r=0.700) could 
predict soil chemical changes across the transect. However, they did not determine the effect 
of these factors on tree growth. 
Moll (1989) described differences in tree populations between urban and rural 
settings, reporting much lower mean ages for trees in highly populated areas (32 years) 
compared to rural settings (150 years), based on anecdotal information gathered from 300 
cities in 21 states across the U.S. Comparing growth of 200 trees on the Virginia Tech 
campus to trees in woodland areas, Rhoades and Stipes (1999) found increased diameter 
growth of the trees on campus (representing a populated area). Similar trends were observed 
by Nowak and McBride ( 1991) for Scots' pine in and near Carmel, California. 
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A limited number of studies have examined the effect of land use ( e.g. commercial, 
residential) on trees, again with emphasis on soil properties (Alberty et al., 1984; Fostad and 
Pedersen, 1997; Dyer and Mader, 1986). Alberty et al. (1984) characterized compaction 
levels on sites under construction in Minneapolis and St. Paul, Minnesota. They found 
increased bulk density at construction sites compared to adjacent undisturbed areas, with 
values (greater than 1.65 g cm-3) that negatively affected tree growth. For 1,243 trees 
growing in Oslo, Fostad and Pedersen (1997) reported that de-icing salts and high pH values 
led to poorer health of street trees compared to park trees. Dyer and Mader ( 1986) associated 
decline of sugar maple trees with increased soil Na, N, and P levels, and increased bulk 
density on street sites compared to yard sites. 
Moll (1989) reported much lower mean ages (7 years) for trees in highly urbanized 
("downtown") areas compared to mean age for residential trees (32 years), based on the 
previously mentioned 21-state study. Foster (1978) found a similar mean age of trees (10 
years) in highly urbanized ("downtown") sites for the Boston area. Slightly higher mean 
ages (median age 17 years) were reported by Urban (1989) for trees growing in downtown 
areas in 13 eastern U.S. cities. For residential sites in Jersey City, NJ, and Syracuse, NY, 
mean ages varied according to species and were 39 years for London plane tree, 48 years for 
Norway maple (Polanin, 1991), and 73 years for silver maple (Richards, 1979). Talarchek 
(1987), in a study of trees in New Orleans, found better health ratings for park and 
commercial trees compared to those on residential sites. Kjelgren and Clark (1992) 
compared the effect of land use on tree growth rates for juvenile sweetgum trees in Seattle, 
Washington. They found increased growth rates for trees growing in park-like settings 
compared to commercial sites. Neal and Whitlow (1997) also compared the effect ofland 
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use on tree growth under different maintenance regimes in Washington, DC. They found no 
growth difference among sites for young willow oak trees. However, irrigated sites had 
higher tree growth rates compared to non-irrigated sites. A dendrochronological study 
conducted in Switzerland found variation in tree growth, with park trees performing better 
than street trees (Joos, 1987). 
A limitation of these previous studies is that they did not clearly distinguish how the 
community population level and land use are associated to tree characteristics. Thus, this 
study was conducted in order to more systematically examine how community population 
gradient and three different land uses are related to tree growth based on quantitative tree 
characteristics. The community population gradient we examined included rural parks, small 
towns ( ~ 500 people), medium towns ( ~ 5,000 people), and large towns ( ~ 50,000 people). 
The land uses we examined were city park, residential, and commercial sites. We 
hypothesized that as community population increases, tree growth would be reduced due to 
alteration of environmental conditions in comparison to natural ecosystems. Also, we 
hypothesized that among land uses, city park sites might be associated with better tree 
growth compared to commercial sites that could be associated with reduced tree growth. 
Materials and methods 
Study area and site selection 
The study area included five states in the Midwest region of the U.S.A: Illinois (IL), 
Iowa (IA), Minnesota (MN), Missouri (MO), and Wisconsin (WI). Sites were located 
between 45° 34' N and 38° 42' N latitude, and between 87° 45' Wand 94° 02' W longitude. 
The sampling protocol used "clusters", where a cluster is defined as 2 rural parks, 2 small 
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towns, 2 medium towns, and 1 large town, all of which were located within 45 km of one 
another (Table 1). Small, medium, and large towns had approximate populations of 500, 
5,000, and 50,000, respectively. One cluster was sampled in IL, MN, MO, WI, and two 
clusters were sampled in IA. In order to minimize geographic and climatic variability within 
each cluster, sampled locations were within a 45-km radius distance. All samples were 
collected between May and September, 1999. 
Within each community, trees were sampled according to specific land uses. Within 
large and medium towns, individual trees came from land within 3 m of streets in 
commercial and residential districts as well as from throughout city parks. In small towns, 
only residential street trees and city park sites were sampled, due to absence of trees in 
commercial districts ( or even absence of commercial districts). Commercial sites were 
defined as locations for which land use for at least one city block in all directions consisted 
of active businesses, which were surrounded by sidewalks, parking lots, and other 
commercial amenities. Residential sites were located in areas of single-family housing units 
with yards. Each residential tree was growing between the street and the sidewalk, when 
sidewalks were present. If no sidewalk was present, only trees within 3 m of a city street 
were sampled. City park sites were city-designated parks and recreation areas. Evidence of 
maintenance, such as mowed lawn, was the primary criterion for the selection of sample trees 
in city parks. 
Selection of sample trees 
Species sampled included silver maple (Acer saccharinum L.), honeylocust (Gleditsia 
triacanthos L.), hackberry (Ce/tis occidentalis L.), black maple (Acer nigrum Michx. F.), and 
basswood (Tilia americana L.). These species were selected because of their broad 
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geographical ranges, abundance in the study area (Preston, 1989), and general good health. 
Conversely, species generally exhibiting decline symptoms in the region ( e.g. green ash), or 
those susceptible to disease transmission using the increment borer ( e.g. the oaks), were 
avoided. 
For each cluster, 62 trees were to be sampled. When possible, half of the trees chosen 
were to be silver maple due to the high abundance of this species in communities in the study 
area (Schoon, 1993). During field sampling, preference was given to large-sized, healthy, 
open-crowned trees growing with limited vegetation beneath their canopy to minimize 
growth variation due to competition. 
Measurements of sample trees 
Total tree height, diameter at 1.37 m (dbh), and condition rating were recorded for 
each tree. Height and dbh were measured using a clinometer and a diameter tape, 
respectively. Condition ratings were noted for the crown, the trunk, and the root collar of 
each tree using the standard terminology and methodology of International Society of 
Arboriculture (1992). This system uses a 5-point scale for each tree part. A rating of 1 is 
poor and 5 is very good. A crown rating of 1 was given for trees with extensive crown 
dieback. For the trunk and root collar, a rating of 1 was given when there was evidence of 
significant decay. Ratings of 5 were given for any tree part without visible defects. 
Tree core collection and measurements 
Standard methods as outlined by Phipps ( 1985) were used for tree core extraction by 
using either a 41-cm or a 61-cm long by 5-mm diameter increment borer to remove a core at 
(about) 1.37-m height on each sampled tree. These cores were stored in labeled 5-mm plastic 
tubes (large straws) in a chilled cooler with ice packs ( field) or freezer (lab) until they were 
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examined. Before examination, cores were air-dried, glued in wooden trays, and smoothed 
with fine-grade sandpaper. Ring width measurements were done manually for each sample 
tree by using a magnified lamp and digital calipers. When rings were difficult to distinguish 
by using the above technique, a photomicroscope was used. If necessary, cores were 
moistened with water to increase visibility of annual rings. 
Exact tree age was determined for cores reaching the pith. When cores did not reach 
the pith or missed the pith, age was estimated mathematically using the tree diameter and 
mean ring width of all measured years. Adjusted (for cluster and age) log-transformed mean 
annual ring width averaged over the last ten years was used to compare growth rates for the 
community population gradient and to evaluate the effect of different land uses. For data 
analysis, ring width measurements were log-transformed to reduce the age effect on ring 
width (Cook, 1987). 
Data analysis 
This observational study was based on a stratified sampling design. Each cluster 
represented a stratum, and the class variables were the selected community population 
gradients and land uses. The general linear models procedure of the Statistical Analysis 
System (SAS Institute Inc., 1996) was used to describe and compare marginal mean values of 
all tree characteristics across population gradient and land use that were adjusted for cluster 
differences without including interactions among variables in the model. Log-transformed 
mean annual ring widths were also adjusted for age for reducing the age effect. Multiple 
comparisons were done by comparingp values of all pairs of means (SAS Institute Inc., 
1996) for the community population gradient that included sample trees in rural parks, and 
small, medium, and large towns. Multiple comparisons of tree growth by specific land use 
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were also done using the p values of all pairs of means (SAS Institute Inc., 1996) that 
included sample trees in city parks, residential sites and commercial sites. Statistical 
significance was determined for comparisons with p<0.05. 
Results 
A total of 328 trees were sampled (Table 2). Silver maple was the most common 
species sampled (43%), although predominant species varied somewhat across the 
community population gradient and according to land use (Table 3). Detailed results are 
presented only for all species, silver maple, and honeylocust. 
Differences for the adjusted mean values of tree characteristics among the six clusters 
were expected and did occur. This is thought to be due to geographic and climatic 
variability. This paper will report on adjusted mean values of all six clusters for tree 
characteristics for which at least three of the clusters showed the same trends both across the 
community population gradient and by land use. 
Characteristics of trees sampled across the community population gradient 
Age, height, diameter, and ring width 
The age range across the community population gradient for trees on rural park sites 
was 16-148 years, for trees in small towns was 9-144 years, for those in medium towns was 
7-130 years, and for trees in large towns was 10-144 years. The adjusted mean age for all 
species was greater for trees in rural parks ( 67 years), intermediate for small towns ( 51 
years), and lower for medium and large towns (40 and 39 years, respectively) (Figure 2). 
Silver maple showed no difference in age according to community population gradient. For 
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honeylocust, rural parks and small towns had higher adjusted mean ages compared to 
medium and large towns. 
Adjusted mean height for all species was greater for rural parks (23 m) compared to 
those in small towns (19 m), medium towns (18 m) and large towns (16 m); small towns also 
had greater adjusted mean height compared to large towns (Figure 2). Both silver maple and 
honeylocust trees in rural parks were taller compared to all other populated communities. 
Adjusted mean diameter for all species was greater for small towns (56 cm) compared 
to large towns ( 48 cm) (Figure 2). Silver maple showed no significant differences across the 
community population gradient. For honeylocust, larger adjusted mean diameter was noted 
for rural parks and small towns compared to medium and large towns. 
Adjusted mean annual ring width averaged over the last ten years for all species 
across the community population gradient was smaller for trees in rural parks (3.5 mm year- 1) 
compared to small towns (4.6 mm year-1), medium towns (4.7 mm year-1), and large towns 
(4.6 mm yeaf1) (Figure 2). Silver maple had lower growth rates in rural parks compared to 
small towns, medium towns, and large towns. Honeylocust showed no significant 
differences. The effect of age on mean annual ring width averaged over the last ten years 
was significant, even though the ring width data were log-transformed for data analysis; 
greater ring widths were associated with younger trees. 
Condition rating 
Crown, trunk, and root collar condition ratings for all species showed significant 
differences only for the crown rating across the community population gradient, with 
medium towns having higher condition ratings compared to all other communities. Higher 
crown condition ratings for silver maple were noted in medium towns compared to rural 
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parks and small towns. For honeylocust, trees in rural parks had lower trunk condition 
ratings compared to medium and large towns. 
Characteristics of trees by land use. 
Age, height, diameter, and ring width 
The age range by land use for trees in city parks was 7-144 years, for trees on 
residential sites was 9-144 years, and for trees on commercial sites was 9-69 years. Adjusted 
mean age for all trees among land use types was greatest for city parks ( 54 years), 
intermediate for residential sites ( 41 years) and least for commercial sites (24 years) (Figure 
4). Silver maple in city parks had greater adjusted mean age compared to those on residential 
and commercial sites. For honeylocust, greater adjusted mean ages were noted for both city 
parks and residential sites compared to commercial sites. 
Adjusted mean height for all species was greater for city parks (20 m) and residential 
sites (19 m) compared to commercial sites (11 m) (Figure 4). Silver maple had greater 
adjusted mean height in city parks, intermediate on residential sites, and lowest height on 
commercial sites. For honeylocust, adjusted mean height was greater for city parks and 
residential sites compared to commercial sites. 
Adjusted mean diameter for all species was greater for city parks (56 cm) and 
residential sites (54 cm) compared to commercial sites (32 cm) (Figure 4). Adjusted mean 
diameter was greater for silver maple in city parks compared to those on commercial sites. 
Honeylocust in city parks and on residential sites had greater adjusted mean diameter than 
those on commercial sites. 
Adjusted mean annual ring width averaged over the last ten years for all species was 
greater for city parks (5.2 mm yeaf1) and residential sites (4.9 mm yeaf1) compared to 
21 
commercial sites (4.1 mm yeaf1) (Figure 4). Both silver maple and honeylocust showed no 
significant differences in growth rates among land uses (Figure, 4). The effect of age on 
adjusted mean annual ring width averaged over the last ten years was significant, even 
though the ring width data were log-transformed for data analysis; greater ring widths were 
associated with younger trees. 
Condition rating 
For all species, adjusted mean condition ratings for the trunk and root collar were 
lower for city parks compared to residential and commercial sites (Figure 5). Silver maple 
had lower trunk and root collar condition ratings for trees located in city parks compared to 
residential sites. Honeylocust showed no significant differences. 
Discussion 
Descriptive tree characteristics reflect the suite of site-specific factors that influence 
tree growth. Both community population and land use were associated with differences in 
tree growth rate. 
The adjusted mean age of trees sampled was youngest in large towns (39 years), 
intermediate in small towns (51 years), and oldest in rural settings (67 years). These data for 
the Midwest corroborate trends reported earlier by Moll ( 1989), although he reported 
different absolute values (32 years for highly populated areas and 150 years for rural areas). 
Reduced ages in large towns might reflect relatively recent plantings associated with urban 
redevelopment and/or urban expansion. For example, according to census data, Coon Rapids 
(the large town sampled in the Minnesota cluster) has experienced a 420% increase in 
population over the last 40 years (14,931 people in 1960, compared to 62,790 people in 
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1996). Alternatively, reduced age in more highly populated communities could indicate 
reduced life span in these communities, although our study did not include examination of 
mortality in tree populations. 
Differences in tree height across community population could have been related to 
differences in tree age. Linear regression was used to evaluate the relationship between age 
and height for trees included in this study with a correlation R2=0.43. This indicates that 
there are factors other than age that affected the height of sample trees. 
Growth rates averaged over the last 10 years clearly indicate that trees in rural parks 
were growing more slowly than those in city sites. These results corroborate at a regional 
scale and for a large number of sampled trees the earlier findings of Rhoades and Stipes 
(1999), whose research was based on a study of 200 trees on the campus of Virginia Tech 
University. They also found reduced growth rates for trees growing in rural areas compared 
to urban settings. Reduced growth rates in our study are partially attributable to greater mean 
ages for those trees, even though data were log-transformed to reduce the age effect. 
Although an attempt was made to sample open-crown trees, there were a greater number of 
competitive trees in the vicinity of trees in rural parks, which may have had a significant 
negative effect on tree growth in those settings (Iakovoglou et al., unpublished data). Finally, 
relatively low condition ratings for rural park trees compared to trees in communities could 
also have contributed to reduced growth rates. 
Examination of all species for each of the condition ratings ( crown, trunk, and root 
collar) showed very few differences along the gradient (Figure 3). Trees in medium-sized 
towns had slightly better crown condition ratings (Figure 3). An additional interesting trend, 
although not statistically significant, was that trees in rural parks had the lowest mean 
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condition ratings for all plant parts. We interpreted the lack of significant differences in 
condition ratings across the community population gradient to be the result of two factors. 
First and foremost, our sampling protocol required selection of the healthiest trees on each 
site. It follows that we found reasonably similar trees in all settings. Second, our evaluation 
methodologies were sufficiently general ( albeit widely used and recognized) that quantifying 
differences was difficult. Thus, we contend that tendency of trees in rural parks to have the 
lowest mean condition ratings is important. Greater mean ages and evidence of high levels 
of human activity (selection criterion of mowed lawns was often accompanied by presence of 
grills and benches) in close proximity to many rural park trees could have resulted in 
relatively low condition ratings. We think this suggests that rural parks can be a difficult 
setting for trees to thrive in. 
For trees sampled according to land use, those in city parks were oldest, trees sampled 
in residential areas were intermediate, and those in commercial sites were youngest. These 
trends were consistent with previous reports for street trees (Moll, 1989; Foster and Blaine, 
1978), although previously reported age values for "downtown" sites were considerably less 
(7 years, and 10 years, respectively). Given the 10-year interval between Moll's report and 
our own study, theoretically the mean age of trees in commercial sites should be 
approximately 17 years, and our results indicate 24 years. The age of these trees reflects 
relatively recent planting. However, our data also indicate that early mortality on 
"downtown" sites may not be as common as previously thought. The range in ages for trees 
in commercial settings in our study was from 9 years to 69 years, indicating the potential for 
much greater longevity than what is typically believed to be true for "downtown" or 
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commercial environments. This suggests that continued investment in seeking better ways to 
install and manage trees in commercial districts is worthwhile. 
Even though commercial trees were young, they had lower mean growth rates 
compared to residential and city park trees (Figure 4). Similar trends were found by Kjelgren 
and Clark ( 1992) in Seattle, Washington for juvenile sweetgum trees. Since age was not the 
cause for reduced growth rates in commercial sites, other site-related factors appear to cause 
unfavorable conditions for tree growth. This provides additional evidence that commercial 
settings are limiting long-term tree growth compared to other land use types. Further 
investigation is needed to analyze factors contributing to reduced growth on commercial 
sites. 
For the condition ratings, trees in city parks had lower values compared to trees in 
residential and commercial sites for both the trunk and the root collar rating (Figure 5). 
Although not statistically significant, lower condition ratings were observed for most plant 
parts for city park trees. Greater age of trees in city parks (Figure 4) and evidence of high 
levels of human activity ( e.g. play grounds, grills) could have resulted in the low condition 
ratings. However, despite relatively low condition ratings, growth rates for these trees 
suggest that city parks provide better growth conditions compared to commercial sites. 
Conclusion 
In conclusion, our hypotheses are partially supported. First, we hypothesized that as 
community population increases tree growth would be associated with reduced growth rates 
due to alteration of environmental conditions in comparison to natural ecosystems. This was 
not valid, since as community population increased, growth rates also increased. Second, we 
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hypothesized that city park sites would be associated with increased tree growth compared to 
commercial sites that could be associated with reduced tree growth rate. This was shown to 
be true for tree growth rates for the studied land uses. 
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Table 1. Ideal number of trees to be sampled for each cluster. Row totals indicate ideal 
number of trees for each sampled community, while column totals indicate ideal number of 
trees for each land use, with park land use including rural parks and city parks. 
Population Land use 
gradient Park Residential Commercial Total 
Rural parks-2 8 8 
Small towns-2 8 8 16 
Medium towns-2 8 8 8 24 
Large towns-1 6 4 4 14 
Total 30 24 16 62 
Table 2. Number of proposed versus actual number of trees sampled for all clusters. Row 
totals indicate the ideal and the actual number of trees according to community population 
gradient, while column totals indicate the ideal and the actual number of trees for each land 
use, with parks including both rural parks and city parks. 
Land use 
Population Park Residential Commercial Total 
gradient Ideal Actual Ideal Actual Ideal Actual Ideal Actual 
Rural parks-2 48 44 48 44 
Small towns-2 48 32 48 44 96 76 
Medium towns-2 48 44 48 48 48 33 144 125 
Large towns-1 36 35 24 24 24 24 84 83 
Total 180 155 144 116 96 57 372 328 
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Table 3. Number of sampled trees by species across the community population gradient and 
land use. Row totals indicate the total number of trees sampled in each community and land 
use, and column totals indicate the total number of sampled trees for each species. For land 
use, parks include only city parks. 
Population Species 
gradient Silver maple Honeylocust Hackberry Black maple Basswood Total 
Rural parks 9 7 12 3 8 44 
Small towns 42 6 10 15 3 76 
Medium towns 57 27 15 14 12 125 
Large towns 32 34 8 2 7 83 
Total 140 74 45 39 30 328 
Land use 
City park 55 23 20 7 6 111 
Residential 63 12 13 16 12 116 
Commercial 13 32 0 8 4 57 
Total 131 67 33 31 22 284 
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Figure 1. A) Presentation of the study area. Five states representing the Midwest (IA-1, IA-
2, IL, MN, MO, WI) were included in the study. B) Map indicates the approximate location 
of clusters according to the largest sampled town. 
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Figure 2. Adjusted mean age, height, diameter, 
and annual ring width averaged over the last 10 
years for all species, silver maple, and honeylocust 
across community population gradient. 
*Means with the same letter are not significantly 











































All species Silver maple Honeylocust 
Figure 3. Adjusted mean crown, trunk, 
and root collar condition rating for all 
species, silver maple, and honeylocust 
across community population gradient. 
*Means with the same letter are not 
significantly different at p<0.05. 
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All species Silver maple Honeylocust 
Figure 4. Adjusted mean age, height, diameter, 
and annual ring width averaged over the last 
10 years for all species, silver maple, and 
honeylocust by land use. 
*Means with the same letter are not 











































































































All species Silver maple Honeylocust 
Figure 5. Adjusted mean crown, trunk, 
and root collar condition rating for all 
species, silver maple, and honeylocust 
by land use. 
*Means with the same letter are not 
statistically different at p<0.05 
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CHAPTER 3. DESCRIPTION AND EVALUATION OF THE RELATIONSHIP OF 
NUMBER OF COMPETITORS TO TREE GROWTH ACCORDING TO 
COMMUNITY POPULATION GRADIENT AND LAND USE 
A paper to be submitted to Landscape and Urban Planning 
Valasia Iakovoglou, Janette Thompson, and Lee Burras 
Abstract 
Competition from other nearby trees can reduce tree growth, especially if resources 
are limited. This study was conducted to describe and evaluate the relationship of 
competition to tree growth along a community population gradient and by land use, based on 
number of potentially competitive trees within a radius of 20 m from each sample tree. The 
relationship between increased numbers of competitive trees within a radius of 9 m and 
growth rates was also evaluated. An increment core sample from each study tree was used to 
compare growth rates for trees with different levels of competition. For the community 
population gradient, rural parks had on average the most competitors (8.5 trees) within 20 m, 
associated with lowest tree growth rates. According to land use, city parks and residential 
sites had the most competitors (5.6 and 5.5 trees respectively) within 20 m, although they had 
no significant relationship to tree growth rates. Trees that had no competitors within 9 m had 
higher mean growth rates ( 4.8 mm yeaf1) compared to trees that had more than three 
competitors (3.0 mm yeaf1). In rural parks, trees that had no competitors within 9 m also 
had higher mean growth rates (4.6 mm yea{1) compared to trees that had two, or more than 
three competitors (1.9 and 2.1 mm yea{1, respectively). Number of trees within 20 m of 
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sample trees increases as community population decreases and as intensity of land use 
decreases, with a significant relationship to tree growth for rural sites. 
Introduction 
Tree-tree competition and evaluation of its effect on tree growth has been studied for 
natural forest areas (Lorimer, 1983; Hix and Lorimer, 1990). Lorimer (1983) determined the 
effect of competition on tree growth for individual trees by creating competition indices 
independent of age (incorporating the size of each sample tree) for three temperate even-aged 
hardwood stands (Wisconsin, New York, and Massachusetts). He found that the size of the 
sample tree ( diameter) and the size of competitors ( diameter) were necessary for determining 
the effect of competition on growth. Hix and Lorimer (1990) determined the effect of 
competition on tree growth based on measurements of exposed crown and relative height for 
hardwood stands in southwestern Wisconsin. They found that both the height of the sample 
tree relative to the mean height of competitors and the exposed crown area were the best 
predictors for height growth. However, less research has been done with respect to 
description and evaluation of the effect of competition on tree growth for urban ecosystems. 
For urban forest "stands", although competition has not been evaluated, 
characteristics such as stocking level or percent canopy cover have been used to describe 
forest structure according to community population levels and land use. For example, 
Halverson and Rowntree (1986) found decreasing canopy cover with increasing community 
population (r2=0.8 l) for 8 U.S. cities that ranged in population from 2,000 to 200,000 people. 
Similar trends were noted by McPherson and Rowntree (1989) for stocking level (based on 
total number of street trees relative to street length) for 22 U.S. cities. In their study, as 
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community population increased from <15,000 people to 15,000-50,000 people and to 
>100,000 people, stocking level decreased from 42%, to 37% and 33%, respectively. Nowak 
et al. (1996) using data compiled from numerous sources for 58 cities across the U.S. found 
that the percent of tree canopy cover was negatively correlated with human population 
density (people km-2) (r= -0.64). McPherson (1998), working in the Sacramento area, also 
found that percent of tree cover in urban areas was less than in suburban sites, but higher than 
in rural areas (agricultural fields). 
In evaluation of tree cover according to land use, a study conducted for four eastern 
U.S. cities by Rowntree (1984) found greatest canopy cover for residential sites (29%), 
intermediate cover for city parks (22%), and lowest canopy cover for commercial sites (4%). 
In the 58-city compilation by Nowak et al. (1996) for a subset of the cities, established in 
areas with similar characteristics to the Midwest ("grassland characteristics") they found 
higher tree canopy cover in residential and city parks compared to commercial sites. 
Some research has been conducted to evaluate the relationship of levels of 
competition to tree growth according to community population and land use. Some 
differences between unpopulated forested areas and populated urban sites have been studied. 
Nowak and McBride (1991), who compared conditions for Scot's pine between naturally 
forested areas ( 518 trees) and urban settings (783 trees) in California found that increased 
levels of competition ( crown closure) caused decreased growth in naturally forested areas. 
Rhoades and Stipes (1999), in an evaluation of 200 trees on the Virginia Tech campus, found 
increased growth rates for campus sites compared to forested areas. Higher growth rates for 
campus trees were attributed to decreased levels of competition and increased levels of 
maintenance ( e.g. fertilization). 
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In an assessment of factors associated with residential land use, Vrecenak et al. 
(1989) studied the relationship between competition and tree growth for over 600 residential 
trees in four communities in central New Jersey, based on presence or absence of competitive 
trees. Using a linear modeling procedure, these workers concluded that only 14% of the 
variability in tree growth was explained by the combined variables of competition, width of 
lawn, house setback, and percent pervious surface beneath the tree crown. They attributed 
the other 86% of the variation in growth to variation in community sizes that might be 
associated with other variables ( e.g. maintenance) that could be associated with tree growth. 
None of the reported research has focused solely on the relationship between 
competition and tree growth in urban settings, based on number of trees within a certain 
distance around a sample tree. One objective of this study was to describe competition levels 
and evaluate the relationship of competition to tree growth rates based on total number of 
competitive trees within a 20-m (66-ft) radius across a community population gradient and 
by land use. An additional objective was to determine how tree growth is related to 
increased numbers of competitive trees close to each sample tree within a 9-m (30-ft) radius. 
For the community population gradient we hypothesized that trees in rural park settings 
would have higher levels of competition compared to community settings, and that this 
would decrease their growth rates. For land use, we hypothesized city park and residential 
trees would have higher levels of competition that would also decrease tree growth rate. In 
addition, we hypothesized that as number of competitors within 9 m increased, tree growth 
rates would decrease. 
36 
Materials and methods 
Study area and site selection 
The study area included five states in the Midwest region of the U.S.A: Illinois (IL), 
Iowa (IA), Minnesota (MN), Missouri (MO), and Wisconsin (WI) (Figure 1). The sampling 
protocol used "clusters", where a cluster is defined as 2 rural parks, 2 small towns, 2 medium 
towns, and 1 large town, all of which were located within 45 km of one another (Table 1 ). 
Small, medium, and large towns had approximate populations of 500, 5,000, and 50,000, 
respectively. Rural parks were designated county or state park/recreation areas. Evidence of 
site maintenance, such as mowed lawn, was the primary criterion for selection of sample 
trees within rural parks. One cluster was sampled in IL, MN, MO, and WI, respectively. 
Two clusters were sampled in IA. In order to minimize geographic and climatic variability 
within each cluster, sampled locations were within a 45-km radius distance. All samples 
were collected between May and September, 1999. 
Within each community, trees were sampled according to specific land uses. Within 
large and medium towns, individual trees came from land within 3 m of streets in 
commercial and residential districts as well as from throughout city parks. In small towns, 
only residential street trees and city park sites were sampled, due to absence of trees in 
commercial districts ( or even absence of commercial districts). Commercial sites were 
defined as locations for which land use for at least one city block in all directions consisted 
of active businesses, which were surrounded by sidewalks, parking lots, and other 
commercial amenities. Residential sites were located in areas of single-family housing units 
with yards. Each residential tree was growing between the city street and the sidewalk, when 
sidewalks were present. If no sidewalk was present, only trees within 3 m of a street were 
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sampled. City park sites were city-designated parks and recreation areas. Evidence of 
maintenance, such as mowed lawn was the primary criterion for the selection of sample trees 
in city parks. 
Selection of sample trees 
Species that were sampled included silver maple (Acer saccharinum L.), honeylocust 
(Gleditsia triacanthos L.), hackberry (Celtis occidentalis L.), black maple (Acer nigrum 
Michx. F.), and basswood (Tilia americana L.). These species were selected because of their 
broad geographical ranges, abundance in the study area (Preston, 1989), and general good 
health. Conversely, species generally exhibiting decline symptoms in the region ( e.g. green 
ash), or those susceptible to disease transmission using the increment borer ( e.g. the oaks), 
were avoided. 
For each cluster, 62 trees were to be sampled (Table 1). When possible, half of the 
trees chosen were to be silver maple due to the high abundance of this species across the 
study area (Schoon, 1993). During field sampling, preference was given to large-sized, 
healthy, open-crowned trees growing with limited vegetation beneath their canopy to 
minimize growth variation due to competition. 
Tree core collection and measurements 
Standard methods as outlined by Phipps (1985) were used for tree core extraction by 
using either a 41-cm or a 61-cm long by 5-mm diameter increment borer to remove a core at 
1.37-m height on each sampled tree. These cores were stored in labeled 5-mm plastic tubes 
(large straws) in a chilled cooler with ice packs (field) or freezer (lab) until they were to be 
examined. Before examination, cores were air-dried, glued in wooden trays, and smoothed 
with fine-grade sandpaper. Ring width measurements were done manually for each 
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specimen tree by using a magnified lamp and digital calipers. When rings were difficult to 
distinguish by using the above technique, a photomicroscope was used. If necessary, cores 
were moistened with water to increase visibility of annual rings. 
Mean annual ring width averaged over the last ten years (growth rate) was used to 
evaluate effect of competition on tree growth for each community population and for each 
land use. Ring width measurements were log-transformed to minimize the age effect on ring 
width (Cook, 1987). 
Identification and location of potentially competitive vegetation 
For each sample tree, the number of all other trees within a 20-m radius was noted. 
Location for each potentially competitive tree was determined by measuring distance and 
angle from the sample tree using a SONIN multi-measure Combo Pro® and a compass. 
Potentially competitive trees were identified by species, and were described generally by 
diameter, height, and crown class. 
Data analysis 
This was an observational study based on a stratified sampling design. The clusters 
represented stratum, and the class variables included the community population gradient and 
land use. The general linear models (GLM) procedure of the Statistical Analysis System 
(SAS Institute Inc., 1996) was used to describe and compare adjusted (for cluster) mean 
number of competitive trees on different sites where no interaction was included in the 
model. For analysis of the community population gradient, data from rural parks, and small, 
medium, and large towns were included. For land use, data from city parks, residential sites, 
and commercial sites were included. 
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Analysis of covariance was used to determine the effect of potential competition 
(number of trees within 20 m) on tree growth after adjusting for cluster, town/site, species, 
and age, for both the community population gradient and land use. The GLM procedure was 
further used to describe and compare adjusted (for cluster, species, and age) log-transformed 
mean tree growth rates with respect to number of competitive trees within a 9-m radius for all 
sampled sites. Statistical significance was determined for comparisons with p<0.05. 
Results 
A total of 328 trees were sampled (Table 2). Silver maple was the most common 
species sampled (43%), although predominant species varied somewhat across the 
community population gradient and according to land use (Table 3). Detailed results are 
presented only for all species, silver maple, and honeylocust. 
Between cluster variation occurred only for residential sites when testing differences 
in mean number of potentially competitive trees within 20 m of sample trees for each land 
use across the community population gradient. However, four out of the six clusters (IA-1, 
IL, MN, WI) had fewer competitive trees as population level increased. 
Adjusted mean number of potentially competitive trees within 20 m for all species 
across the community population gradient was highest for sample trees in rural parks (8.5 
potentially competitive trees), intermediate for those in small towns (6.6 potentially 
competitive trees), and lowest for sample trees in medium and large towns (4.6 and 3.7 
potentially competitive trees, respectively) (Figure 2A). Silver maple had higher adjusted 
mean number of potentially competitive trees for rural parks, intermediate for small towns, 
and lower for medium and large towns. Honeylocust trees in rural parks had a higher 
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number of potentially competitive trees compared to either medium or large towns (Figure 
2A). According to land use, mean number of potentially competitive trees within 20 m for 
all species was higher for city parks and residential sites (5.6 and 5.5 potentially competitive 
trees, respectively) compared to commercial sites (2.3 potentially competitive trees) (Figure 
2B). Silver maple had higher numbers of potentially competitive trees in city parks and 
residential sites compared to commercial sites (Figure 2B). For honeylocust, trees growing 
in city parks had higher numbers of competitive trees compared to commercial sites (Figure 
2B). 
Differences in the mean number of potentially competitive trees within 20 m for each 
land use across the community population gradient were significant for parks and residential 
sites (Figure 3). For all species, sample trees in rural parks and small town parks had greater 
numbers of competitive trees (8.6, and 7.5 trees, respectively) compared to sample trees in 
parks in medium and large towns (5.0, and 4.5 trees, respectively) (Figure 3A). Silver maple 
also had higher mean numbers of potentially competitive trees in rural parks and small town 
parks compared to parks in medium and large towns. Honeylocust showed no significant 
differences in number of potential competitors on park sites among community populations 
(Figure 3A). For all species, residential sites had higher mean number of competitive trees 
for small towns (6.0 trees), compared to medium and large towns (5.6, and 4.4 trees, 
respectively) (Figure 3B). Commercial sites showed no significant differences across the 
community population gradient (Figure 3C). Photographs showing levels of competitive 
vegetation typical of rural parks, commercial sites, city parks, and residential settings are 
shown in Figure 4. 
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The relationship between number of competitors (within 20 m) and the adjusted log-
transformed mean annual ring width averaged over the last 10 years was determined for the 
community population gradient and by land use for all trees using a simple linear regression 
technique (Figure 5). The estimated linear models for each community population level and 
for each land use revealed that only the slope for rural park trees (p=0.001) differed 
significantly from zero (p-values for small, medium, and large communities were 0.8, 0.4, 
and 0.3, respectively). The estimated linear model for each land use revealed that none of the 
land uses ( city park, residential, and commercial land use) had a slope that differed from zero 
(p=0.6, p=0.6, and p=0.2, respectively). 
The relationship between number of competitors within 9 m and the adjusted log-
transformed mean annual ring width averaged over the last 10 years was also determined for 
all sampled sites and for rural park areas (Figure 6). For all sampled sites, mean tree growth 
rate was higher for trees that had no competitors (4.8 mm yeaf1) compared to those with 
more than three potential competitors (3 mm yeaf1). Trees that had three competitors had 
slightly elevated mean growth rate ( 4.3 mm yeaf1). Similarly, trees growing in rural park 
sites had higher mean growth rates when there were no competitors within 9 m ( 4.6 mm 
yeaf1) compared to trees that had two, or more than three competitors (1.9 and 2.1 mm 
yeaf 1, respectively). Tree with three competitors within 9 m had slightly lower mean growth 
rates. 
Discussion 
According to community population gradient, the mean number of competitors within 
a 20-m radius from each sample tree was greater for rural parks (8.5 trees), intermediate for 
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small towns (6.6 trees), and lower for medium and large towns (4.6 and 3.7, respectively) 
(Figure 2A). The trend of fewer competitors as community population increases supports the 
findings of earlier workers who characterized tree canopy cover (Halverson and Rowntree, 
1986) and stocking levels (McPherson and Rowntree, 1989) in cities of different sizes. Both 
canopy cover and stocking levels describe urban forest structure based on levels of 
anthropogenic interference ( analogous to community population). Although our sampling 
protocol was biased to open-crown trees, our results also indicate a trend of fewer 
competitors as level of human population increases. This suggests that increased levels of 
community population and land use alter the environment in a way that reduces the capacity 
of a site to support greater numbers of trees. For example, increased levels of human activity 
are associated with a greater number of other amenities that occupy space, not leaving room 
for additional trees (Richards et al., 1984). 
According to land use, higher mean number of potential competitors was noted for 
city parks and residential sites (5.6 and 5.5, respectively) compared to commercial sites (2.3 
trees) within a 20-m radius from each sample tree (Figure 2B). A similar trend was observed 
by Nowak et al. (1996) who observed greater percent of canopy cover for city parks and 
residential land uses compared to commercial sites. Rowntree (1984) in a study of four U.S. 
cities found similar results for percent of canopy cover on commercial sites ( 4%) when 
compared to residential sites (29%) and city parks (22%). As has already been noted, 
although percent of canopy cover indirectly indicated potential competition, none of the past 
research has explicitly examined variation in number of potential competitors for individual 
sample trees. Our results indicate that as intensity of land use increases the mean number of 
competitors within a 20-m radius of sample tree decreases. This may suggest that 
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commercial sites might not be able to support growth of greater number of trees. This is 
supported by reduced mean ages and reduced mean growth rates that have been documented 
for highly utilized commercial sites (Iakovoglou et al., unpublished data). In addition, as 
Sanders (1984) suggested, humans tend to prioritize amenities other than trees in order to 
serve their needs as intensity of land use increases. 
The trend of fewer competitors within a 20-m radius of each sample tree as 
community population increased becomes clearer when each land use is examined at each 
community population level. Parks had a higher number of competitors in rural and small 
town settings compared to medium and large town sites (Figure 3A). Residential sites had a 
higher number of competitors in small and medium towns compared to large towns (Figure 
3B). Commercial sites were not different between medium and large towns (Figure 3C). It 
was not a surprise that in parks and commercial sites no differences were noted for 
competition level between the medium and large towns, since according to Iakovoglou et al. 
(unpublished data) similar patterns were observed for general characteristics of the sampled 
trees in these settings. 
Evidence of a relationship between increased number of competitors (within 20 m) 
and decreased tree growth rates was detected only for rural park sites. This result is based on 
a non-zero slope for the fitted line for population levels (Figure 5A). Previous workers also 
attributed reduced tree growth rates to increased competition levels in forested areas (Nowak 
and McBride, 1991; Rhoades and Stipes, 1999). However, previous research did not 
determine the effect of competition on tree growth rates based on systematic selection of sites 
that reflected a gradient in population. Fitted linear models indicate a relationship between 
number of competitors and tree growth rates. Our results suggest that competition within a 
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radius of 20 m is a factor that could be related to diminished tree growth rates in rural park 
sites compared to all other sites. Although rural parks have lower levels of anthropogenic 
interference, other site-related factors, in our case potential competition, can diminish growth 
rates in those settings. In addition, as noted by Iakovoglou et al. (unpublished data), 
relatively low condition ratings and increased mean ages could have contributed to the 
reduced growth rates in rural parks. 
There was no evidence of a relationship of number of competitors (within 20 m) to 
tree growth rates for each land use (Figure 5B). Our results are contrary to those ofVrecenak 
et al. (1989), who found competition was significantly related to tree growth on residential 
sites in New Jersey. For commercial sites, which had previously been characterized by the 
lowest growth rates for any land use (Iakovoglou et al., unpublished data), number of 
competitors were not significantly related to tree growth rates. In fact, the linear model 
suggests a positive relationship (although not significant) of increased number of nearby trees 
on sample tree growth rates on commercial sites. This finding supports the suggestion by 
Richards ( 1992) that groups of trees in intensive land use areas create a microenvironment 
more conducive to tree growth. In addition, situations with groups of trees may receive more 
adequate maintenance. Further investigation is needed to clarify and explain potential factors 
that may promote growth on commercial sites. 
The analysis of competition in relation to tree growth rate based on number of 
potential competitors within 9 m of each sample tree revealed a potential negative 
relationship of increasing competition to tree growth in rural parks (Figure 6). This was true 
even though the sampling protocol was biased toward selection of open-crown trees. 
Competition based on number of potential competitors within 20 m did not seem to be 
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related to tree growth rates in other community settings. However, the absence of 
competitive trees within 9 m of single trees for other land uses prevents further analysis. The 
information gathered does provide solid support for a minimum planting distance of 9 m for 
large shade trees to reduce the effect of competition on tree growth rates as the trees mature. 
Conclusion 
Initially, we hypothesized that as community population increased, the number of 
potentially competitive trees (within 20 m) would decrease, which would be associated with 
reduced tree growth rates for rural parks. This was true for both the number of potential 
competitors, and their relationship to growth rates for trees growing in rural parks. 
According to land use, we hypothesized that city parks and residential sites would have 
higher numbers of potentially competitive trees compared to commercial sites, again with a 
significant relationship to tree growth rates. Our hypothesis was supported for the number of 
potential competitors according to land use, but not for the relationship between potential 
competitors and tree growth rates. Finally, increased number of competitive trees within 9 m 
of each sample tree appeared to be related to reduced tree growth rates. 
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Table 1. Ideal number of trees to be sampled for each cluster. Row totals indicate ideal 
number of trees for each sampled community, while column totals indicate ideal number of 
trees for each land use, with park land use including rural parks and city parks. 
Population Land use 
gradient Park Residential Commercial Total 
Rural parks-2 8 8 
Small towns-2 8 8 16 
Medium towns-2 8 8 8 24 
Large towns- I 6 4 4 14 
Total 30 24 16 62 
Table 2. Number of proposed versus actual number of trees sampled for all clusters. Row 
totals indicate the ideal and the actual number of trees according to community population 
gradient, while column totals indicate the ideal and the actual number of trees for each land 
use, with parks including both rural parks and city parks. 
Land use 
Population Park Residential Commercial Total 
gradient Ideal Actual Ideal Actual Ideal Actual Ideal Actual 
Rural parks-2 48 44 48 44 
Small towns-2 48 32 48 44 96 76 
Medium towns-2 48 44 48 48 48 33 144 125 
Large towns- I 36 35 24 24 24 24 84 83 
Total 180 155 144 116 96 57 372 328 
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Table 3. Number of sampled trees by species across the community population gradient and 
land use. Row totals indicate the total number of trees sampled in each community and land 
use, and column totals indicate the total number of sampled trees for each species. For land 
use, parks include only city parks. 
Population Species 
gradient Silver maple Honeylocust Hackberry Black maple Basswood Total 
Rural parks 9 7 12 3 8 44 
Small towns 42 6 10 15 3 76 
Medium towns 57 27 15 14 12 125 
Large towns 32 34 8 2 7 83 
Total 140 74 45 39 30 328 
Land use 
City park 55 23 20 7 6 111 
Residential 63 12 13 16 12 116 
Commercial 13 32 0 8 4 57 
Total 131 67 33 31 22 284 
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Figure 1. A) Presentation of the study area. Five states representing the Midwest (IA-1, IA-
2, IL, MN, MO, WI) were included in the study. B) Map indicates the approximate location 
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All species Silver maple Honeylocust 
Figure 2. Number of trees within 20 m around each sample tree across the community 
population gradient (A), and land use (B), for all species, silver maple, and honeylocust. 
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All species Silver maple Honeylocust 
Figure 3. Number of trees within 20 m around each sample tree for park (A), residential (B), 
and commercial (C) land use across the community population gradient for all species, silver 
maple, and honeylocust. Reduced number of sampled trees for honeylocust did not allow 
comparison among community population levels for residential land use. 
* Means with the same letter are not statistically different at p<0.05. 
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Figure 4. Photo A shows high number of competitors typical of rural parks, while photo B 
indicates reduced number of competitors typical of commercial sites. Photo C and photo D 
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Figure 5. Fitted linear models of the effect of number of competitors within a 20-m radius 
from each sample tree on the mean annual ring width averaged over the last 10 years for each 
community population level (A) and for each land use (B). 
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Figure 6. Adjusted mean annual ring width growth averaged over the last 10 years for all 
sampled sites (A), and for rural parks (B) according to number of competitors within a 9-m 
radius from each sample tree. 
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CHAPTER 4. THE RELATIONSHIP OF BIOTIC AND ABIOTIC FACTORS TO 
GROWTH RATE FOR ESTABLISHED URBAN TREES IN THE MIDWEST, U.S.A. 
A paper to be submitted to the Journal of Arboriculture 
Valasia Iakovoglou, Janette Thompson, Lee Burras, and Rebecca Mack 
Abstract 
Tree growth is widely held to be related to both biotic and abiotic factors. The 
objective of this study was to determine the relationship between the combined biotic and the 
combined abiotic factors and tree growth rate. Tree growth rate was defined by the mean 
ring width averaged over the last ten years (mm yea(1 ). Sample design included 6 "clusters" 
that were located in IA, IL, WI, MO, and MN. Each cluster was composed of a group of 
communities including 2 rural parks, 2 small towns, 2 medium towns, and 1 large town, with 
approximate community populations of 0, 500, 5,000, and 50,000, respectively. Three 
scenarios were examined: all species sampled in all clusters, silver maple in all clusters, and 
all species in the Iowa-2 cluster. Six biotic variables and seven abiotic variables were tested 
for all species and silver maple in all clusters. Eleven abiotic variables were included in the 
analysis of Iowa-2 cluster. Individual biotic factors that were found to be related to tree 
growth included number of competitors within 9 m, presence of disease and insects, and 
human-induced mechanical injury. Individual abiotic factors that were found to be related to 
tree growth included presence of pavement and core bulk density. For all species sampled in 
all clusters, combined biotic factors were related to tree growth rates, but explained only 
4.7% of the variability in growth rate. For silver maple sampled in all clusters, combined 
biotic variables explained only 6.0% of the variability in growth rate. For all species 
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sampled in Iowa-2 cluster, combined abiotic factors were related to tree growth rates, and 
explained 11 % of the variability in growth rate. 
Introduction 
Both biotic and abiotic factors can affect tree growth in urban settings. Some 
research has been conducted to examine the influence of individual biotic and abiotic factors 
on tree growth, with particular emphasis on soil characteristics ( e.g. soil pH). However, 
limited past research has examined the significance of the combined effect of biotic and 
abiotic factors on tree growth with respect to community population levels and land use. 
Urban ecology is a relatively new discipline. Consequently, there has been limited 
research examining biotic and abiotic effect on tree growth in urban settings. Examples of 
such factors include competition from other plants, pathogens, insects, and human-induced 
injuries, which are biotic factors that may affect tree growth. In studies comparing urban 
trees to those in forested areas, researchers have found reduced diameter growth in forested 
areas (e.g. Nowak and McBride, 1991, and Rhoades and Stipes, 1999), which they have 
attributed to increased competition from nearby trees. Other biotic agents such as pathogens 
(Mallett and Volney, 1999), and insects (Rhoades and Stipes, 1999), have also been 
documented to reduce tree diameter growth. 
Some recent investigations have focused on describing the nature of abiotic factors in 
the vicinity of urban and rural trees. Pouyat et al. (1995) reported lower soil pH, higher soil 
electrical conductivity, and higher percent of organic matter for woodland sites along an 
urban-to-rural transect extending from metropolitan New York to nearby rural areas. For 
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urban settings, Close et al. ( 1996) found higher salts and available potassium levels, but these 
workers also reported higher soil pH values compared to naturally forested sites. 
Soil characteristics have been found to vary with land use settings. Research on street 
settings (Fostad and Petersen, 1997) and commercial settings (Kjelgren and Clark, 1992) 
associated with reduced tree growth rates indicated these sites had higher soil pH values 
compared to park settings. For trees near sidewalks, soil pH decreased wit increasing 
distance from the sidewalks on the campus of Northwestern University in Evanston, IL 
(Kelsey and Hootman, 1998). Soils within 3 m of streets have also been found to have 
higher concentration of de-icing salt (NaCl) and available phosphorous, as well as lower 
available potassium, compared to parks (Fostad and Petersen, 1997). Increased levels of de-
icing salts were also related to reduced growth for residential street trees in Hamburg, 
Germany (Astrid and Eckstein, 1988). 
Soil characteristics have also been compared under declined (based on visual analysis 
of vigor) and non-declined street trees. Declined street trees were associated with increased 
salt content (Ruark et al., 1983; Dyer and Mader, 1986; Berrang et al., 1985), increased 
available phosphorous (Dyer and Mader, 1986), and increased available nitrogen compared 
to non-declined trees (Ruark et al., 1983; Dyer and Mader, 1986). Some contradictory results 
have been noted for available potassium levels for street trees. Ruark et al. (1983) associated 
decreased available potassium levels with declined trees, while Berrang et al. (1985) 
associated declined trees with increased available potassium levels. Soil bulk density and 
percent of clay were higher for declined trees compared to non-declined trees (Dyer and 
Mader, 1986). Talarchek (1987) suggested that another abiotic factor that affected tree vigor 
was the amount of impervious surface beneath the canopy of the tree. 
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Very limited previous research has studied the combined effect of several biotic and 
abiotic factors. For example, Vrecenak et al. (1989) studied over 600 residential street trees 
in four communities of central New Jersey. Using a linear modeling procedure, they 
concluded that the combined effects of competition (based on presence/absence of 
competitive trees), width of lawn, house setback, and percent of pervious surface beneath the 
tree crown explained only 14% of the variability in tree growth. 
Clearly, although some past research has studied variation of biotic and abiotic 
factors in urban settings compared to rural settings, much less study has focused on the 
relationship between those factors and tree growth. In addition, none of the above studies 
has studied relationship of the combined effect of those factors on tree growth using a 
sampling protocol that includes a variety of community population levels and land uses. The 
objective of this study was to examine the relationship between biotic and abiotic factors and 
tree growth rate for established trees. The biotic factors included in this study were 
competition within 20 m and 9 m of each sample tree, the presence of disease, presence of 
insects and mechanical injury. The abiotic factors included core bulk density, soil electrical 
conductivity, and pH. For the Iowa-2 cluster, additional abiotic factors were studied, 
including available potassium (K), available phosphorous (P), percent of organic matter 
(OM) and percent of clay (clay). We hypothesized that a substantial number of individual 
biotic and abiotic variables would be related to tree growth when each variable was added to 
a linear model. Similarly, we hypothesized that both combined biotic and combined abiotic 
factors would explain a substantial amount of the variability observed in tree growth rates. 
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Materials and methods 
Study area and site selection 
The study area included five states in the Midwest region of the U.S.A: Illinois (IL), 
Iowa (IA), Minnesota (MN), Missouri (MO), and Wisconsin (WI). Sites were located 
between 45° 34' N and 38° 42' N latitude, and between 87° 45' Wand 94° 02' W longitude. 
The sampling protocol used "clusters", where a cluster is defined as 2 rural parks, 2 small 
towns, 2 medium towns, and 1 large town, all of which were located within 45 km of one 
another. Small, medium, and large towns had approximate populations of 500, 5,000, and 
50,000, respectively. One cluster was sampled in IL, MN, MO, WI, and two clusters were 
sampled in IA. More detail on sampling design is given in Iakovoglou et al. (unpublished 
data). All samples were collected between May and September, 1999. 
Within each community, trees were sampled according to specific land uses. Within 
large and medium towns, individual trees came from land within 3 m of streets in 
commercial and residential districts as well as from throughout city parks. In small towns, 
only residential street trees and city park sites were sampled, due to absence of trees in 
commercial districts ( or even absence of commercial districts). 
Selection of sample trees 
Species sampled included silver maple (Acer saccharinum L.), honeylocust ( Gleditsia 
triacanthos L.), hackberry (Ce/tis occidentalis L.), black maple (Acer nigrum Michx. F.), and 
basswood (Tilia americana L.). These species were selected because of their broad 
geographical ranges, abundance in the study area (Preston, 1989), and general good health. 
Conversely, species generally exhibiting decline symptoms in the region ( e.g. green ash), or 
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those susceptible to disease transmission using the increment borer ( e.g. the oaks), were 
avoided. 
For each cluster, 62 trees were to be sampled although in some cases fewer trees were 
sampled due to absence of appropriate tree species or land use criteria. During field 
sampling, preference was given to large-sized, healthy, open-crowned trees growing with 
limited vegetation beneath their canopy to minimize growth variation due to competition. 
Tree core collection and measurements 
Standard methods as outlined by Phipps (1985) were used for tree core extraction by 
using either a 41-cm or a 61-cm long by 5-mm diameter increment borer to remove a core at 
(about) 1.37-m height on each sampled tree. Ring width measurements were done manually 
for each sample tree by using a magnified lamp and digital calipers. 
Mean annual ring widths were measured for each tree, beginning at the outer edge 
and continuing to the center. This manuscript presents and discusses only the average over 
the most recent ten years of growth. This average value was used to compare growth rates 
for the community population gradient and to evaluate the effect of different land uses. Ring 
width measurements were log-transformed to reduce the age effect on ring width (Cook, 
1987). 
Site measurements 
A map identifying all permanent objects within a 20-m radius was made for each 
sample tree during fieldwork. Distances and angles to other objects were measured using a 
SONIN multi-measure Combo PRO® and compass. Each potentially competitive tree within 
20 m was classified by species, and generally characterized by diameter, height, and crown 
class. Distances to pavement ( e.g. sidewalks) or foundations ( e.g. house) were mapped. In 
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order to determine the effects of pavement and foundations on tree growth, two parameters 
were used; the first variable addressed the presence/absence of pavement or foundation, and 
the second variable indicated the minimum distance from the sample tree to the pavement or 
foundation. When absence of pavement or foundation were noted, the maximum mapping 
distance (20 m) was recorded as the deviously, very inexact distance from pavement or 
foundation. 
Soil properties 
For each of the 320 trees, four 15-cm deep soil cores were collected halfway between 
the trunk and the canopy edge at bearings of 0°, 90°, 180°, and 270°. Cores were analyzed for 
bulk density, pH, and electrical conductivity. Bulk density and pH were recorded for each of 
1280 cores (four samples per tree), although only mean values are included in this analysis. 
Electrical conductivity was determined using volumetric composite samples combining 
material from all four cores. 
For each sample tree, soil core bulk density was determined using a modified core 
method (Blake and Hartge, 1986). The volume of each sampled core was determined by the 
depth of the excavated hole and the radius of the coring cylinder. Each sample was oven-
dried for 24 hours and then weighed. The pH was determined using standard methods 
(Thomas, 1996). Soil samples were saturated in a 2: 1 water/soil solution (vol/vol). Soil pH 
was determined using a digital Orion® pH meter. Electrical conductivity was determined 
using dried and ground soil samples in a 10: 1 water/soil solution (ml cm-3) (modified from 
Rhoades, 1996). A hand-held Hanna Instrument® meter set in the range of 1,999 µS cm-1 
was used to determine electrical conductivity. 
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Additional soil characteristics determined for composite soil samples from the 61 
trees sampled in the Iowa-2 cluster included plant-available phosphorus (P), plant-available 
potassium (K), percent of organic matter (OM), and percent of clay. These analyses were 
done by the Iowa State University Soil Testing Laboratory using their standard procedures. 
Studied scenarios and dependent variables 
Statistical analyses were based on three scenarios that included consideration of all 
species from all clusters, silver maple from all clusters, and all species sampled in the Iowa-2 
cluster. These scenarios were created to analyze the effect of minimizing species variability 
(silver maple in all clusters), and the effect of minimizing geographic variability (all species 
in Iowa-2 cluster). 
Three groups of dependent variables were created: baseline, biotic, and abiotic 
variables. Baseline variables included cluster, community population level, land use, and tree 
species. Biotic variables included competition within 20 m and 9 m (based on number of 
potentially competitive trees), presence of disease (based on evaluation of the crown), 
presence of insects (based on evaluation of the crown and trunk), and human-induced 
mechanical injury (based on evaluation of the root collar) for each sample tree. The abiotic 
variables included in analyses of all species and silver maple in all clusters were core bulk 
density, soil pH, soil electrical conductivity, presence of pavement or foundation, and 
minimum distance to pavement or foundation. Additional abiotic variables included in the 
linear model for all species within Iowa-2 cluster were available P, available K, percent of 
OM and percent of clay. 
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Data analysis 
Four models were created for each scenario using the General Linear Models (GLM) 
procedure of the Statistical Analysis System (SAS Institute Inc., 1996) to determine the 
relationship of combined biotic factors, and combined abiotic factors to tree growth rate. 
Tree growth rate was defined as the mean annual ring width averaged over the last 10 years 
(mm yea(1). Each model was created based on three groups of variables: baseline, biotic, 
and abiotic. Model 1 included only the baseline variables, model 2 included the baseline and 
biotic variables, model 3 included the baseline and abiotic variables, and model 4 included 
baseline, biotic, and abiotic variables. These four models were used to determine the 
relationship of the combined biotic and the combined abiotic variables to tree growth rates. 
The F value and R2 for the combined biotic variables were determined based on the 
following formulas: 
F= [(SSmodel 4-SSmodel 3) * MSEmodel 4 / ( dfmodel 4-dfmodel 3)] (1 ); 
R2= (SSmodel 4-SSmodel3) / corrected total ss (2); 
where SS= Sum of Squares, df= degrees of freedom, and MSE= Mean Square Error 
The F and R2 values for the combined abiotic variables were determined based on formula 1 
and 2, respectively. Specifically, the F value for the abiotic variables was determined by 
subtracting the SS of model 4 from the SS of model 2, multiplied by the MSEmodeI 4 and then 
divided by dfmodel 4-dfmodel 2 (formula 1 ). The R2 for the abiotic variables was determined by 
subtracting the SS of model 4 from the SS of model 2, divided by the corrected total SS 
( formula 2). Levels of statistical significance were indicated for variables with p<0.01, 
p<0.05, and p<O. l. 
63 
The relationships between individual variables and growth rates were determined by 
adding all tested variables in one model (model 4) using GLM analysis (SAS Institute Inc., 
1996). 
Results 
Analyses of all clusters and the Iowa-2 cluster indicated that models with additional 
biotic and/or abiotic variables better explained variability in tree growth rates (Table 1 ). For 
all species sampled in all clusters, model 1, model 2, model 3, and model 4 had R2 values of 
0.49, 0.54, 0.51, and 0.56, respectively. For silver maple sampled in all clusters, model 1, 
model 2, model 3, and model 4 had R2 values of 0.51, 0.57, 0.53, and 0.59, respectively. 
Finally, for all species sampled in Iowa-2 cluster, model 1, model 2, model 3, and model 4 
had R2 values of 0.71, 0.73, 0.82, and 0.84, respectively. 
The breakdown of model 4 (which included combined baseline, biotic, and abiotic 
variables), shown in Table 2, was used to evaluate the relationship of single variables to tree 
growth rates. However, these results need to be interpreted with great caution, because lack 
of significance of the relationships between variables and tree growth rates could be simply 
because the variables were strongly correlated with each other, preventing detection of a 
significant effect of some individual variables. For all species sampled in all clusters, biotic 
factors that showed a strong relationship to tree growth rate were number of competitors 
within 9 m (p<0.01), the presence of disease (p<0.05), and mechanical injury (p<0.01); 
abiotic factors that were strongly related to tree growth included presence of pavement 
(p<0.05). For the same scenario, the baseline variables that showed a strong association with 
tree growth rate were community population level (p<0.1 ), tree species (p<0.001 ), and tree 
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age (p<0.001). For silver maple sampled in all clusters, biotic factors that were strongly 
related to tree growth rate were the number of competitors within 9 m (p<0.05), the presence 
of disease (p<0.05), and insects (p<0.1). For these trees, age was the only baseline variable 
that showed a strong relationship to tree growth rate (p<0.01). For all species in Iowa-2 
cluster, no biotic variables were found to have a strong relationship to tree growth rate, 
however one abiotic variable was core bulk density (p<0.1 ). The only baseline variable that 
had an increased association to tree growth rate was age (p<0.01). Again, this might have 
been due to the statistical technique used in the analysis. 
Examination of the combined biotic factors and the combined abiotic factors with 
respect to their relationship to tree growth rate indicated that the biotic factors for all species 
(p<0.01) and silver maple (p<0.05) sampled in all clusters explained only 4.7% and 6.0% of 
the variability in tree growth rates, respectively (Table 3). The combined abiotic factors for 
all species in Iowa-2 cluster (p<0.05) explained 11.0% of the variability in tree growth rate. 
The analyses for all species in all clusters included data collected for 320 sample 
trees, for silver maple in all clusters 140 trees were included, and for the Iowa-2 cluster 61 
trees were included. Data for these trees indicated mean core bulk density of 1.15 g cm-3, pH 
of 6.7, and electrical conductivity of 190 µS cm-1 (Table 4). Similar mean values were noted 
for all species sampled in Iowa-2 cluster (Table 4). Additional variables included in the 
Iowa-2 cluster analyses were available P (mean of 59 ppm), available K (mean of 194 ppm), 
percent of OM (mean of 6.2% ), and percent clay (mean of 12% ). Ranges for these variables 
are also given in Table 1. 
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Discussion 
For all species and silver maple sampled in all clusters, model 2 (baseline and biotic 
variables) had somewhat higher R2 values (0.54 and 0.57, respectively) compared to model 3 
(baseline and abiotic variables) R2 values (0.51 and 0.53, respectively). However, for all 
species sampled in the Iowa-2 cluster, model 3 had a higher R2 value of 0.82, compared to 
model 2, with an R2 value of 0. 73 (Table 1 ). This suggests that for analysis considering all 
clusters, the biotic factors (model 2) are of greater importance compared to the abiotic 
factors, while for all species sampled in the Iowa-2 cluster, abiotic factors (model 3) have 
more influence on tree growth rates. 
For all species and silver maple sampled in all clusters, three out of six biotic 
variables were strongly related to the tree growth rate while for abiotic variables, one out of 
seven appeared to be of more importance. For all species in the Iowa-2 cluster, again only 
one out of eleven abiotic variables were strongly related to tree growth rate (Table 2). 
Number of competitive trees within 9 m was one of the biotic factors that were 
strongly related to tree growth rate in analysis of all clusters. Presence of disease was 
another factor that was strongly related to tree growth rates in analyses of all clusters. 
Presence of insects was an additional factor that was related to tree growth for silver maple 
sampled in all clusters. In addition, mechanical injury was strongly related to tree growth 
rates. Although it has generally been recognized that mechanical injury may lead to disease 
and decay problems, to our knowledge the direct relationship with tree growth rates has not 
previously been documented. 
Generally speaking, the mean values and ranges for core bulk density, pH, and 
electrical conductivity measured in association with sample trees in this study are not 
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considered restrictive for tree growth, although some slightly elevated pH levels were 
detected (Table 4). Only two of the abiotic variables studied were strongly related to tree 
growth rates for any of the three scenarios (Table 2). This was not a surprise with respect to 
the soil characteristics, since their values were within normal ranges for tree growth. 
Considering all abiotic variables tested for all species in all clusters, only the presence of 
pavement had a strong relationship to tree growth rates. Presence of pavement might 
indicate previous disturbance, which was not investigated. However, the general lack of 
significance of the relationships between the abiotic factors and tree growth rates could be 
simply because the abiotic variables could be strongly correlated with an outerfact of the 
statistical technique used, preventing detection of a significant effect of any individual 
variable. 
For silver maple specifically, none of the abiotic factors studied had a discernible 
relationship to tree growth rate. Again, this might have been due to the statistical technique 
used in the analysis. In spite of other species characteristics that are problematic, silver 
maple has the ability to tolerate most of the site characteristics common to urban settings. 
However, for all species in the Iowa-2 cluster, core bulk density did appear to be related to 
tree growth rates. Our results suggest that although the bulk density values were within 
"normal" ranges for tree growth, they were related to the growth of the sampled trees. 
The relationship of baseline variables to tree growth rates was also important. Age 
was a variable associated with tree growth rates for all three scenarios (p<O.O 1 ). According 
to Cook ( 1987), incremental tree growth decreases as trees mature. Although growth rates 
were log-transformed to reduce the age effect, age still affected tree growth rates. Species 
was another variable that was strongly related to tree growth rate for all species in all 
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clusters. It was expected that the baseline variables would explain much of the variation in 
growth rates based on relatively high R2 values ofmodel 1 (Table 1) in all three scenarios. 
The relationship of the combined biotic factors to tree growth rate was significant for 
all species and silver maple sampled in all clusters (Table 3). The combined abiotic factors 
were related to tree growth rate for all species sampled in the lowa-2 cluster (Table 3). 
However, the combined biotic factors explained only 4.7% of the variability in growth rates 
for all species, and only 6.0% of the variability for silver maple in all clusters. For all species 
in the lowa-2 cluster the combined abiotic factors explained 11 % of the variability in growth 
rates. Our results are similar to the findings ofVrecenak et al. (1989) for biotic (competition) 
and abiotic ( width of lawn, house setback, and percent pervious surface beneath the tree 
crown) factors combined in a linear model that explained 14% of the variability in growth for 
residential street trees. The baseline variables included in this analysis explained the greater 
portion of the variability observed in tree growth rates (from 49 to 71 %). Addition of biotic 
and abiotic variables added to our ability to explain growth rate variation (from 56 to 84%) in 
all three scenarios, although the additional predictive ability was not great. 
Conclusion 
For one scenario one tested model explained up to 84% of the variability observed in 
tree growth rates. In addition, our initial hypothesis was partially supported. We 
hypothesized that a substantial number of individual biotic and individual abiotic factors 
would be related to tree growth rates. This was true for the individual biotic factors 
relationship to tree growth (3 out of 6 variables), but not for individual a biotic factors ( 1 out 
of 7 variables). Also, we hypothesized that the combined biotic and combined abiotic factors 
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would be related to tree growth, and would explain a substantial amount of the variability. 
This was valid for combined biotic factors for all species and silver maple in all clusters, but 
explained a relatively low percent of the variability in tree growth rates ( 4. 7% and 6.0%, 
respectively). Also, the combined abiotic factors were related to tree growth rates only for 
all species in Iowa-2 cluster and explained 11 % of the variability in growth rate. 
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Table 1. R2 values of each model for all species in all clusters, silver maple in all clusters, 
and all species in Iowa-2 cluster. Total number of studied trees is also provided for each 
scenano. 
All clusters Iowa-2 cluster 
All species Silver maple All species 
Baseline variables 
(model 1) 0.49 0.51 0.71 
Baseline and biotic variables 
(model 2) 0.54 0.57 0.73 
Baseline and abiotic variables 
(model 3) 0.51 0.53 0.82 
Baseline, biotic, and abiotic variables 
(model 4) 0.56 0.59 0.84 
Number of trees 320 140 61 
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Table 2. Relationship between tree growth rates (mm yeaf1) and the baseline, biotic, and 
abiotic variables when individual variables are added to the model (model 4) for all species 









Competition-20 m (# of trees) 
Competition-9 m (# of trees) 
PIA (1/0) of disease (crown) 
PIA (1/0) of insects (crown) 
PIA (1/0) of insects (trunk) 
PIA (1/0) of mechanical injury (root collar) 
Abiotic 
Bulk density (g cm-3) 
pH 
Electrical conductivity (µS cm-1) 
PIA (1/0) of pavement 
Distance from pavement (m) 
PIA (1/0) of foundation 
Distance from foundation (m) 
Available K (ppm) b 
Available P (ppm) b 
Percent of Organic matter (g kg-1) b 
b Percent of clay 
All clusters Iowa-2 cluster 














a.*,**,*** denote significance at the 0.1, 0.05, and 0.01 probability levels, respectively. 
b. Analyses were done for 61 trees sampled in the Iowa-2 cluster. 
c. Due to limitations of the statistical procedure, lack of significance of any single variable 
could be because of close correlation of that variable with other dependent variables. 
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Table 3. F and R 2 values for combined biotic and combined abiotic variables on tree growth 
rates for all species in all clusters, silver maple in all clusters, and all species in Iowa-2 
cluster. 
% of explained 
DF F-value R-square variability Significance 
All species- all clusters 
Biotic 6,298 5.19 0.047 4.7 ***a 
Abiotic 7,297 1.39 0.014 1.4 ns 
Silver maple- all clusters 
Biotic 6,122 2.64 0.060 6.0 ** 
Abiotic 7, 121 0.89 0.020 2.0 ns 
All species- Iowa-2 cluster 
Biotic 6,44 0.83 0.024 2.4 ns 
Abiotic 11,39 2.16 0.110 11.0 ** 
a. **, *** denote significance at the 0.05, and 0.01 probability levels, respectively. 
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Table 4. Ranges, means, and standard deviation values for the dependent variable and the 
independent variables for all species for trees sampled in all clusters and in the Iowa-2 
cluster. 
Variables All species/all clusters All species/Iowa-2 cluster 
Dependent variable Range Mean Stdev Range Mean Stdev 
Mean annual ring width averaged 
over the last 10 years ( mm yr-1) 0.7-14.4 5.2 2.6 0.8-13.3 5.0 2.9 
Independent variables 
Baseline 
Age 7 - 148 46.6 31.9 15 -148 54.9 36.6 
Biotic 
Competition-20 m (# of trees) 0- 22 5.4 3.9 0 - 18 5.1 3.9 
Competition-9 m (# of trees) 0-8 1.2 1.6 0-8 1.6 1.8 
Abiotic 
Bulk density (g cm-3) 0.4 - 1.6 1.1 0.2 0.7 - 1.5 1.2 0.2 
pH 5.3 - 8.0 6.7 0.5 5.9 - 8.0 6.8 0.4 
Electrical conductivity (µS cm-1) 26 - 485 190.5 48.0 101 - 314 201.9 45.9 
Distance from paved structure (m) 0.1 - 20.0 6.1 6.3 0.3 - 20.0 6 .. 6 6.7 
Distance from foundation (m) 0.9 - 20.0 15.2 6.0 1.8 - 20.0 15.1 6.4 
Potassium (ppmt 83 - 770 194 106 
Phosphorus (ppmt 6.5 - 152 59.2 30.2 
Organic matter (g ki1t 2.8 - 11. 7 6.2 2.0 
Clay(%) a 4 - 22 12 4 
a. Only determined for the Iowa-2 cluster. 
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CHAPTER 5. GENERAL CONCLUSION 
This study was conducted to evaluate the relationship of human activities to tree 
growth rates by using community population levels and land use as proxies. A "cluster" 
approach was used, where each cluster included rural parks, and small, medium, and large 
towns. Town populations were about 0, 500, 5,000, and 50,000 people. Land uses within 
towns were city parks, residential, and commercial sites. Both of these proxies reflect degree 
of human interference and intensity of utilization of a site that result in environmental 
alterations that affect biological organisms such as trees. The first objective of this study was 
to describe variation in tree characteristics according to those proxies. The second objective 
was to describe variation in number of competitors ( within 20 m of each sample tree), and 
evaluate their relationship to growth according to community population gradient and land 
use. Finally, the third objective was to evaluate the relationship of individual and combined 
biotic factors and individual and combined abiotic factors to tree growth rates based on 
general linear model analysis. 
It was hypothesized that increased community population levels and increased 
intensity of utilization of a site, would be associated with reduced tree growth rates, due to 
anthropogenic interference that altered environmental conditions. Secondly, it was 
hypothesized that according to community population levels, higher levels of competition 
would be present in rural parks. According to land use it was hypothesized that competition 
would be greater in city park and residential sites, associated with a negative impact on tree 
growth rates. In addition, it was hypothesized that increased number of competitors in close 
proximity to sample trees (within 9 m) would also affect tree growth rates negatively. 
Finally, it was hypothesized that individual/combined biotic and individual/combined abiotic 
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factors would be related to tree growth for three studied scenarios: all species in all clusters, 
silver maple in all clusters, and all species in Iowa-2 cluster. 
According to community population, trees in rural parks had higher mean age, and 
lower mean growth rates compared to all community population levels. Reduced ages in 
large towns were interpreted to be a result of recent plantings associated with urban 
redevelopment and urban expansion. Alternatively, although our study did not include 
examination of mortality in tree populations, reduced mean ages in highly populated 
communities could indicate reduced life span. In rural parks, reduced growth rates could be 
partially attributable to greater mean ages for those trees, although data were log-transformed 
to reduce the age effect. In addition, although our sampling protocol was biased to include 
predominantly open-crown healthy trees, relatively low condition ratings and increased mean 
number of competitors in rural parks could also have negatively affected tree growth. 
According to land use, both mean age and mean growth rates were higher for city 
parks compared to commercial sites; residential sites had intermediate age, size, and growth 
rate characteristics. The mean age of commercial trees reflected relatively recent planting. 
In addition, our data also indicate that early mortality on highly utilized "commercial" sites 
may not be as common as previously thought (the mean age was 24 years, but the range was 
from 9 to 69 years), since the sampling protocol was biased for well-established healthy 
trees. However, even though commercial trees were young, they had lower mean growth 
rates compared to all other land uses. Since age was not the cause for reduced growth rates 
in commercial sites, other site-related factors create unfavorable conditions for tree growth. 
This provides additional evidence that commercial settings are limiting long-term tree growth 
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compared to other land use types. On the other hand, city parks had higher mean ages but 
relatively low condition ratings associated with higher mean growth rates. 
According to community population, mean number of competitors (within 20 m of 
each sample tree) was higher in rural parks and was associated with lower growth rates, 
while by land use city parks and residential sites had higher number of competitors with no 
significant relationship to growth rates. Our results suggest that although the sampling 
procedure was biased to open-crown trees, increased intensity of human use either by 
community population level or land use were associated with a decreased number of 
competitors. However, number of competitors was associated with diminished growth rates 
only in unpopulated rural parks (within 20 m) and not in communities with increased 
population levels. Similarly, increased number of competitors within 9 m was associated 
with lower tree growth rates, which suggests that a minimum planting distance of 9 m should 
be recommended for reducing competition for large well-established trees. 
Individual and combined biotic factors, and individual and combined abiotic factors 
were related to growth rate, with variation in the results among studied scenarios. For all 
sampled trees, three out of the six biotic factors had strong relationship to tree growth rate, 
while for abiotic factors one out of seven was significant. The combined biotic factors were 
related to tree growth rate for all species and silver maple in all clusters, while abiotic factors 
were strongly related to growth when testing the Iowa-2 cluster. Although the sampling 
protocol was biased toward healthy trees, our results suggest that biotic factors (individually 
and combined) are important to tree growth for the Midwest region, U.S. The fact that 
abiotic factors were not found to be strongly related to tree growth indicated that, in 
particular, soil characteristics in the region are within a range that allows healthy tree growth. 
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However, it is important to note that close correlation among the abiotic variables tested 
might have prevented detection of individual variables with a strong relationship to growth 
rates given the statistical technique used. 
Our study examined trees based on degree of human interference according to both 
level of community population and land uses. However, our study also revealed potential 
future research topics that need further investigation. For a subset of the sample, commercial 
trees, we found significantly reduced growth rates in spite of those trees being relatively 
young and in good condition. Further systematic research for those settings should be aimed 
at identifying site-related causal agents that may diminish tree growth. Furthermore, our 
analysis suggested a positive relationship of other nearby trees to growth rates on commercial 
sites compared to all other land uses. Future research is needed to confirm and further 
investigate this observation. In addition, general linear model analyses revealed a substantial 
number of biotic factors and some abiotic factors that were strongly related to tree growth 
rates. Our results provide the basis for future research to study those factors in more depth to 
determine specific cause-effect relationships for tree growth. 
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Table 1. Sample sites according to population levels by cluster. Additionall information on 
the exact location of each sam:eled tree according to land use. 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster 2,radient Samllle sites # name or street address address 
Rural Park A 1-4 
Illinois (~0 people) Gebhard Wood 
Rural Park B 1-4 
(~0 people) Silver Springs 
Small town A Bedford Park S/Wof 1815 66th PL 
(~500 people) community 
Bedford Park 2 S/E of 7722 66th PL 
community 
Bedford Park 3 E. of66th PL 7800 65th PL 
along Archer 
Bedford Park 4 W. of community 7720 66th PL 
center 
Small town B Maple Park Washington St. 202 Elm st. 
(~500 people) 
Maple Park 2 Washington St. 310 Virgil st. 
Maple Park 3 Comer of 310 Virgil st. 
Washington and 
Maple Park 4 Washington St. ? 
Medium town A North Aurora Fox Valley Park 425 Harmony st. Across 106E and 
(~5,000 people) 106F 
North Aurora 2 Fox Valley Park 504 Harmony st. East of tree# 1 
North Aurora 3 Fox Valley Park East of tree #2 
North Aurora 4 Fox Valley Park 5 Sycamore 
Medium town B Berkeley Electric Ave. 1463 Bohlander 
(~5,000 people) 
Berkeley 2 Electric Ave. (E 1463 Bohlander 
of tree #1) 
Berkeley 3 North side of 5409 Bohlander 
same park 
Berkeley 4 S/W of tree #3 5405 Bohlander 
Large town Oak Lawn By David 8014 Lamon st. 9014 S. Cicero Ave. 
(~50,000 people) Johnston 
Oak Lawn 2 Comer of 93rd 51st Ave. Cicero Ave. 
and Natchez Ave. 
Oak Lawn 3 Same park 51st Ave. 6750 W. 95th St. 
Oak Lawn 4 Same park Tripp Ave. Comer of S. Cisero 
Ave. &107th St. 
Oak Lawn 5 Same park 
Oak Lawn 6 Same park 
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Table 1. Continued 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster gradient Samule sites # name or street address address 
Rural Park A 1-4 
Iowa-1 (~0 people) Wapsipinicon 
Rural Park B 1-4 
(~0 people) Backbone 
Small town A Hopkinton W. of Walnut St. 108 Walnut St. 
(~500 people) 
Hopkinton 2 W. of Walnut St. 109 Walnut St. 
Hopkinton 3 Along Cascade 203lstSt. 
St. 
Hopkinton 4 2031st St. 
Small town B Arlington Park Ave. 312 Main St. 
(~500 people) 
Arlington 2 Park Ave. E comer of Madison 
&High St. 
Arlington 3 Park Ave. 577 Main St. 
Arlington 4 Same park 611 Main St. 
Medium town A Manchester Tirrill City Park 112 W. Union W.Main 
(~5,000 people) 
Manchester 2 Tirrill City Park 906 N. Franklin W.Main 
Manchester 3 Joseph J. Baum 722 Butler St. W.Main 
Memorial Park 
Manchester 4 Denton City Park 708 Fayette St. 
Medium town B Anamosa Water park 211 N. Ford St. ? 
(~5,000 people) 
Anamosa 2 Water park 203 N. Ford St. ? 
Anamosa 3 Water park 124 N. Ford St. Comer of Main & Old 
Dubuque Rd. 
Anamosa 4 Water park 220 Huber St. Comer of Main & Old 
Dubuque Rd. 
Large town Dubuque Flora Park 2211 Rhomberg Iowa St. 
(~50,000 people) 
Dubuque 2 Flora Park 1745 Lincdon Ave. NIE comer of 6th and 
Iowa Ave. 
Dubuque 3 Flora Park 1637 Iowa St. E 14th St. 
Dubuque 4 Flora Park Comer of Iowa St. & West of Dubuque Inn 
Wl7th Ave. 
Dubuque 5 Flora Park 
Dubuque 6 Flora Park 
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Table 1. Continued 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster gradient Sample sites # name or street address address 
Rural Park A Pine Lake 
Iowa-2 (~0 people) State Park 
Rural Park B Heery Park 
(~ people) 
Small town A Lawler Next to railroad Bruch St. 
(~500 people) tracks 
Lawler 2 Next to railroad Bruch St. 
tracks 
Lawler 3 ? 
Lawler 4 Next to highway ? 
Small town B Dunkerton ? 
(~500 people) 
Medium town A Vinton ? 
(~5,000 people) 
Vinton 2 ? 
Vinton 3 Comer of 9th St. & 
Ctete St. 
Vinton 4 8th Ave. ? 
Medium town B Independence ? ? 
(~5,000 people) 
Independence 2 ? ? 
Independence 3 Kiwanis Park ? ? 
Independence 4 Kiwanis Park ? ? 
Large town Waterloo ? ? 
(~50,000 people) 
Waterloo 2 ? ? 
Waterloo 3 ? ? 
Waterloo 4 ? ? 
Waterloo 5 ? ? 
Waterloo 6 ? ? 
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Table 1. Continued 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster gradient Sample sites # name or street address address 
Rural Park A Wild River 
Minnesota (-0 people) 
Rural Park B Lake Maria 
(-0 people) 
Small town A Center City 125Mobeck St. 
(-500 people) 
Center City 2 125Mobeck St. 
Center City 3 209 Lake St. 
Center City 4 117 Mobeck St. 
Small town B Clearwater Water tower Park 820 Spring St. 
(-500 people) 
Clearwater 2 Water tower Park 820 Spring St. 
Clearwater 3 Riverside Park 700 Main St. 
Clearwater 4 Riverside Park 605 Pine St. 
Medium town A Monticello Ellis' Park 339 Fourth St. Pine St. 
(-5,000 people) 
Monticello 2 Ellis' Park 501 W. Broadway 148 Broadway 
Monticello 3 Ellis' Park 500 W. River St. Broadway St. 
Monticello 4 ? Fourth St. 201 Broadway St. 
Medium town B Cambridge 430 2rd Ave. SW Junction 95 & 65 
(-5,000 people) 
Cambridge 2 430 2rd Ave. SW Junction 95 & 65 
Cambridge 3 Cambridge City 517 2rd Ave. SW Junction 95 & 65 
Park 
Cambridge 4 Cambridge City 2dAve. SW 
Park 
Large town Coon Rapids Dalia Park 11892 Silver Rd. Avoca St. 
(-50,000 people) 
2 Dalia Park 11891 Silver Rd. Avoca St. 
3 105th Ave. 12080 Magnolia St. Avoca St. 
4 Magnolia Park 671 121 Ave. Avoca St. 
5 Magnolia Park 
6 ? 
83 
Table 1. Continued 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster gradient Sample sites # name or street address address 
Rural Park A Graham Cave State Park 
Missouri (~0 people) 
Rural Park B Cuiver River State Park 
(~0 people) 
Small town A Jonesurg ? 
(~500 people) 
Jonesurg 2 ? 
Jonesurg 3 203 E. Boonesli Rd. 
Jonesurg 4 ? 
Small town B New Florence ? 
(~500 people) 
New Florence 2 ? 
New Florence 3 ? 
New Florence 4 ? 
Medium town A Breckenridge Hill No samples 
(~5,000 people) 
Breckenridge Hill 2 No samples 5324 Wismer 
Breckenridge Hill 3 No samples Calvert St. 
Breckenridge Hill 4 No samples 3149 Rex Ave. 
Medium town B Dellwood Dellwood City 1356 Kroeger St. ? 
(~5,000 people) Park 
Dellwood 2 Dellwood City Kroeger St. ? 
Park 
Dellwood 3 Dellwood City ? ? 
Park 
Dellwood 4 Ai Nicolai Park ? ? 
Large town Florissant Dunagant Park 1110 Carmona St. ? 
(~50,000 people) 
Florissant 2 Dunagant Park 45 Radford St. ? 
Florissant 3 Dunagant Park ? ? 
Florissant 4 Dunagant Park ? ? 
Florissant 5 Dunagant Park 
Florissant 6 Bangert Park 
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Table 1. Continued 
Land use 
Community 
population Tree City park: Residential: Commercial: 
Cluster i:;radient Sam~le sites # name or street address address 
Rural Park A Kettle Moraine 
Wisconsin (~0 people) 
Rural Park B High Cliff 
(~0 people) 
Small town A Rosendale Rosendale City 201 Lafayette St. 
(~500 people) Park 
Rosendale 2 Rosendale City 201 Lafayette St. 
Park 
Rosendale 3 Rosendale City 204 Adams St. 
Park 
Rosendale 4 204 Adams St. 
Small town B No second small town sampled 
(~500 people) 
Medium town A Berlin Forsythe Park 447 Elm St. Highway 
(~5,000 people) 
Berlin 2 Forsythe Park 126 S. Kossuth Highway 
Berlin 3 Forsythe Park 126 S. Kossuth Comer ofW. Huron 
st. & N. Wisconsin St. 
Berlin 4 Forsythe Park 357 Webster 
Medium town B Kimberley V erhaegan Park 121 Joseph St. N. Capron St. 
(~5,000 people) 
Kimberley 2 Verhaegan Park 121 Joseph St. N. Capron St. 
Kimberley 3 V erhaegan Park 333 Elm St. N. Capron St. 
Kimberley 4 V erhaegan Park Tween 115 & 121 Clark St. 
Large town Osh Kosh South Park 1608 Cliffview Ceape St. 
(~50,000 people) 
Osh Kosh 2 South Park 1850 North Point N. Main & Caese 
Osh Kosh 3 South Park 1019 Nevada St. 309 High St. 
Osh Kosh 4 Menimonee Park 2135 White Swan Church Ave. 
Osh Kosh 5 Menimonee Park 
Osh Kosh 6 Menimonee Park 
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Table 1. Data that describe each sampled tree by cluster, town, land use, and species, 
overall mean ring width, average ring width over the last 10 years, age, and description of 
increment core center with respect to the pith. 
Overall Mean ring 
mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
1 Illinois RuralA Rural park ACSA 4.86 4.71 64 68 Off 
2 Illinois Rural A Rural park 2 ACSA 4.19 3.98 60 60 Off 
3 Illinois Rural A Rural park 3 GLTR 4.02 2.10 63 63 On 
4 lllinois Rural A Rural park 4 GLTR 5.32 3.58 60 74 Not reached 
5 Illinois Rural B Rural park I CLOC 2.65 1.95 101 136 Not reached 
6 lllinois Rural B Rural park 2 ACNI 2.11 3.74 139 139 Not reached 
7 Illinois Rural B Rural park 3 ACNI 3.86 4.54 53 53 On 
8 Illinois Rural B Rural park 4 CLOC 1.63 2.92 136 136 Off 
9 Illinois Small A City park GLTR 4.67 3.86 52 52 Off 
10 Illinois Small A City park 2 GLTR 5.64 6.67 45 45 On 
11 Illinois Small A City park 3 ACSA 5.36 4.04 73 73 Off 
12 Illinois Small A City park 4 ACSA 5.06 4.11 47 50 Off 
13 Illinois Small A Residential ACSA 8.65 7.15 34 34 On 
14 lllinois Small A Residential 2 ACSA 7.01 5.19 30 30 Off 
15 Illinois Small A Residential 3 CLOC 7.28 9.68 33 33 On 
16 Illinois Small A Residential 4 CLOC 6.92 7.54 32 32 Off 
17 Illinois SmallB City park 1 ACSA 3.42 4.06 111 111 Not reached 
18 Illinois SmallB City park 2 ACSA 7.84 7.57 15 15 On 
19 Illinois SmallB City park 3 ACNI 2.48 1.99 107 107 Not reached 
20 lllinois SmallB City park 4 ACNI 3.12 2.31 74 80 Off 
21 Illinois Small B Residential 1 ACSA 9.35 3.83 29 33 Off 
22 Illinois SmaIIB Residential 2 ACNI 4.60 3.88 52 52 Off 
23 Illinois SmallB Residential 3 ACNI 4.87 2.33 48 48 On 
24 Illinois SmallB Residential 4 ACSA 7.00 3.92 34 41 Off 
25 Illinois Medium A City park ACSA 3.79 2.11 80 80 Off 
26 Illinois Medium A City park 2 ACSA 3.44 3.88 63 121 Not reached 
27 Illinois Medium A City park 3 CLOC 4.11 1.70 71 71 On 
28 Illinois Medium A City park 4 CLOC 6.37 5.76 29 29 Off 
29 Illinois Medium A Residential 1 ACSA 6.52 5.18 40 40 Off 
30 Illinois Medium A Residential 2 CLOC 7.38 5.72 38 38 Off 
31 Illinois Medium A Residential 3 CLOC 4.08 2.99 31 31 Off 
32 Illinois Medium A Residential 4 ACSA 5.67 3.74 33 33 On 
33 Illinois Medium A Commercial GLTR 7.67 4.83 24 24 Off 
34 Illinois Medium A Commercial 2 GLTR 7.11 3.54 20 23 Off 
35 Illinois MediumB City park 1 ACSA 9.97 11.48 32 32 Off 
36 Illinois Medium B City park 2 ACSA 6.34 7.60 40 40 On 
37 Illinois MediumB City park 3 CLOC 5.61 7.79 22 22 On 
38 Illinois MediumB City park 4 CLOC 5.37 6.52 21 21 On 
39 lllinois Medium B Residential 1 ACSA 6.62 3.27 32 35 Off 
40 Illinois MediumB Residential 2 ACSA 10.28 4.36 32 32 Not reached 
41 Illinois MediumB Residential 3 GLTR 6.47 4.47 41 44 Off 
42 Illinois Medium B Residential 4 GLTR 5.52 2.32 44 44 On 
43 Illinois Large City park 1 ACSA 7.96 7.01 26 29 Off 
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Table 1. Continued 
Overall Mean nng 
mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
44 Illinois Large City park 2 ACSA 3.13 3.68 66 82 Not reached 
45 Illinois Large City park 3 ACSA 3.33 1.70 69 69 Not reached 
46 Illinois Large City park 4 GLTR 4.75 4.28 41 41 On 
47 Illinois Large City park 5 GLTR 4.21 3.67 38 38 On 
48 Illinois Large City park 6 GLTR 3.68 2.20 35 35 Off 
49 Illinois Large Residential ACSA 5.41 4.28 37 37 On 
50 Illinois Large Residential 2 ACSA 5.02 3.49 50 55 Not reached 
51 Illinois Large Residential 3 GLTR 7.79 4.72 36 36 On 
52 Illinois Large Residential 4 GLTR 8.43 6.06 33 33 Off 
53 Illinois Large Commercial 1 GLTR 8.29 9.04 13 13 Off 
54 Illinois Large Commercial 2 GLTR 6.13 7.11 16 16 On 
55 Illinois Large Commercial 3 ACSA 5.50 3.53 46 49 Off 
56 Illinois Large Commercial 4 GLTR 6.08 4.00 25 25 On 
57 Iowa-I Rural A Rural park ACNI 1.58 0.99 124 124 Not reached 
58 Iowa-1 Rural B Rural park 1 CLOC 3.49 5.14 63 63 Off 
59 lowa-1 RuralB Rural park 2 CLOC 3.49 4.51 50 50 On 
60 Iowa-1 Rural B Rural park 3 ACSA 3.90 1.28 70 78 Off 
61 Iowa-I Rural B Rural park 4 ACSA 4.60 2.83 74 82 Off 
62 Iowa-I Small A City park 1 ACSA 3.66 1.20 92 121 Not reached 
63 Iowa-I Small A City park 2 ACSA 3.67 1.15 88 113 Not reached 
64 Iowa-1 Small A City park 3 ACNI 5.88 4.99 20 20 Off 
65 lowa-1 Small A Residential ACNI 3.33 2.15 77 96 Not reached 
66 Iowa-1 Small A Residential 2 ACNI 2.88 1.95 89 89 Off 
67 Iowa-I Small A Residential 3 ACSA 12.30 14.40 18 18 On 
68 Iowa-I Small A Residential 4 ACSA 12.77 12.77 9 9 Off 
69 Iowa-1 SmallB City park ACNI 2.18 1.92 113 113 On 
70 Iowa-1 SmallB City park 2 ACNI 1.88 1.00 104 104 On 
71 Iowa-1 SmallB City park 3 ACSA 3.31 3.20 84 87 Off 
72 Iowa-I SmallB City park 4 ACSA 10.18 11.41 21 25 Off 
73 Iowa-1 SmallB Residential I ACSA 4.17 4.19 38 38 On 
74 Iowa-I SmallB Residential 2 ACSA 3.03 3.02 109 126 Not reached 
75 Iowa-I SmallB Residential 3 ACNI 3.84 3.36 58 58 On 
76 Iowa-I SmallB Residential 4 ACNI 3.67 3.48 57 57 On 
77 Iowa-I Medium A City park CLOC 3.49 4.21 75 118 Not reached 
78 Iowa-I Medium A City park 2 CLOC 3.20 4.12 93 120 Not reached 
79 Iowa-I Medium A City park 3 ACSA 7.77 7.93 40 40 Not reached 
80 Iowa-1 Medium A City park 4 ACSA 6.88 8.30 25 25 Not reached 
81 Iowa-I Medium A Residential 1 ACSA 8.44 7.80 33 36 Off 
82 Iowa-I Medium A Residential 2 ACSA 6.88 8.09 34 34 On 
83 Iowa-1 Medium A Residential 3 TIAM 6.88 6.83 26 26 On 
84 Iowa-I Medium A Residential 4 TIAM 4.67 4.47 68 68 Not reached 
85 Iowa-1 Medium A Commercial 1 GLTR 8.63 8.31 15 15 Off 
86 Iowa-I Medium A Commercial 2 GLTR 3.98 4.48 19 19 On 
87 Iowa-1 Medium A Commercial 3 ACSA 9.27 10.80 24 24 On 
88 Iowa-I Medium A Commercial 4 GLTR 2.94 3.25 21 21 On 
89 lowa-1 MediumB City park 1 ACSA 8.69 10.39 34 34 Not reached 
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Table 1. Continued 
Overall Mean nng 
mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
90 lowa-1 MediumB City park 2 GLTR 6.88 4.34 35 35 Not reached 
91 Iowa-I MediumB City park 3 ACSA 9.64 7.27 27 29 Off 
92 Iowa-I MediumB City park 4 GLTR 6.06 4.01 29 29 Not reached 
93 lowa-1 MediumB Residential 1 ACSA 9.41 8.60 27 27 Off 
94 Iowa-I MediumB Residential 2 ACSA 10.47 10.21 31 33 Off 
95 Iowa-I Medium B Residential 3 ACNI 2.50 2.36 111 111 Not reached 
96 Iowa-I MediumB Residential 4 ACNI 4.69 3.30 68 68 Not reached 
97 Iowa-I MediumB Commercial ACSA 6.17 6.17 9 9 Off 
98 Iowa-I MediumB Commercial 2 ACSA 7.71 7.71 10 10 Off 
99 Iowa-I MediumB Commercial 3 ACNI 3.43 4.96 18 18 On 
100 Iowa-I MediumB Commercial 4 ACNI 4.76 5.27 13 13 On 
101 Iowa-I Large City park GLTR 5.36 4.03 47 47 On 
102 Iowa-I Large City park 2 GLTR 7.38 5.49 38 38 Off 
103 Iowa-I Large City park 3 ACSA 5.52 3.30 38 44 Off 
104 Iowa-I Large City park 4 GLTR 4.35 4.54 40 40 On 
105 lowa-1 Large City park 5 ACSA 5.58 3.73 59 71 Off 
106 Iowa-I Large City park 6 ACSA 4.86 2.05 64 74 Off 
107 Iowa-I Large Residential 1 ACSA 7.65 8.64 34 34 On 
108 lowa-1 Large Residential 2 ACSA 7.93 6.11 33 33 On 
109 Iowa-I Large Residential 3 GLTR 6.27 6.92 32 32 On 
110 Iowa-I Large Residential 4 GLTR 7.63 6.23 32 32 On 
111 Iowa-I Large Commercial GLTR 5.49 3.72 40 40 On 
112 Iowa-I Large Commercial 2 GLTR 4.69 4.44 43 43 On 
113 lowa-1 Large Commercial 3 ACSA 4.86 6.58 16 16 On 
114 Iowa-I Large Commercial 4 ACSA 5.84 7.65 20 20 On 
115 lowa-2 RuralA Rural park ACNI 2.38 1.31 96 96 Not reached 
116 Iowa-2 Rural A Rural park 2 ACNI l.90 l.74 109 131 Off 
117 lowa-2 RuralA Rural park 3 ACNI 2.56 2.65 56 56 On 
118 Iowa-2 RuralA Rural park 4 ACSA 5.10 2.67 61 61 On 
119 Iowa-2 RuralA Rural park 5 ACSA 5.89 4.51 62 62 Off 
120 Iowa-2 Rura!A Rural park 6 ACSA 3.76 2.32 53 56 Off 
121 Iowa-2 RuralB Rural park TIAM l.83 0.85 117 148 Not reached 
122 Iowa-2 Rural B Rural park 2 TIAM 2.21 0.94 117 141 Not reached 
123 Iowa-2 RuralB Rural park 3 TIAM l.87 2.67 111 118 Off 
124 lowa-2 RuralB Rural park 4 CLOC 4.39 2.98 40 40 Off 
125 Iowa-2 RuralB Rural park 5 CLOC 3.84 2.27 48 48 Off 
126 lowa-2 Rural B Rural park 6 CLOC 3.45 l.71 47 47 Off 
127 Iowa-2 Small A City park I ACSA 4.77 6.19 73 79 Off 
128 Iowa-2 Small A City park 2 GLTR 4.29 2.88 78 87 Off 
129 Iowa-2 Small A City park 3 ACSA 10.06 12.34 15 15 Off 
130 Iowa-2 Small A City park 4 ACSA 10.49 11.94 16 16 Off 
131 Iowa-2 Small A Residential 1 GLTR 5.33 4.56 32 32 On 
132 Iowa-2 Small A Residential 2 GLTR 7.09 4.90 27 29 Off 
133 lowa-2 Small A Residential 3 ACSA 10.06 10.46 20 20 Off 
134 Iowa-2 Small A Residential 4 ACSA 4.25 3.64 72 144 Not reached 
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Overall Mean rmg 
mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
135 Iowa-2 SmallB City park 1 CLOC 5.68 4.70 34 34 Off 
136 Iowa-2 SmallB City park 2 ACSA 7.47 7.18 40 47 Off 
137 Iowa-2 SmallB City park 3 ACSA 4.70 4.89 43 43 Off 
138 Iowa-2 SmallB City park 4 ACSA 5.35 5.63 27 63 Not reached 
139 Iowa-2 SmallB Residential 1 ACSA 7.94 4.42 40 40 On 
140 lowa-2 SmallB Residential 2 ACSA 4.92 5.58 31 31 On 
141 Iowa-2 Small B Residential 3 ACNI 9.36 7.91 25 25 Not reached 
142 Iowa-2 SmallB Residential 4 ACNI 4.00 4.73 41 41 On 
143 Iowa-2 Medium A City park CLOC 2.82 2.15 118 118 On 
144 Iowa-2 Medium A City park 2 CLOC 12.45 13.27 17 17 Not reached 
145 Iowa-2 Medium A City park 3 ACSA 5.29 1.94 68 71 Off 
146 Iowa-2 Medium A City park 4 ACSA 4.75 3.11 78 93 Not reached 
147 lowa-2 Medium A Residential ACSA 7.21 5.79 49 49 Off 
148 Iowa-2 Medium A Residential 2 CLOC 7.53 5.20 40 43 Off 
149 lowa-2 Medium A Residential 3 CLOC 6.10 4.20 39 45 Off 
150 Iowa-2 Medium A Residential 4 ACSA 6.17 5.89 37 37 On 
151 Iowa-2 MediumB City park 1 ACSA 2.78 2.14 118 118 Off 
152 Iowa-2 MediumB City park 2 ACSA 2.71 2.39 111 130 Off 
153 Iowa-2 MediumB City park 3 ACNI 3.25 4.28 26 26 Off 
154 lowa-2 MediumB City park 4 ACNI 6.15 5.92 32 32 Off 
155 Iowa-2 Medium B Residential 1 ACSA 6.02 6.14 32 32 Off 
156 Iowa-2 MediumB Residential 2 ACSA 9.14 10.25 23 23 Off 
157 Iowa-2 MediumB Residential 3 ACNI 6.70 4.38 35 35 On 
158 Iowa-2 MediumB Residential 4 ACNI 5.74 4.45 25 29 Off 
159 Iowa-2 MediumB Commercial ACNI 2.79 1.56 69 69 Off 
160 Iowa-2 Medium B Commercial 2 ACNI 8.57 7.78 28 28 Off 
161 Iowa-2 MediumB Commercial 3 GLTR 9.64 11.79 15 15 Off 
162 Iowa-2 MediumB Commercial 4 GLTR 5.47 6.87 19 19 Off 
163 Iowa-2 Large City park 1 ACSA 8.15 7.68 31 33 Off 
164 Iowa-2 Large City park 2 ACSA 9.70 7.76 44 44 Not reached 
165 Iowa-2 Large City park 4 CLOC 5.50 5.77 75 75 Off 
166 Iowa-2 Large City park 5 CLOC 2.15 2.62 82 89 Off 
167 Iowa-2 Large City park 6 CLOC 3.05 3.92 93 93 On 
168 Iowa-2 Large Residential ACSA 7.77 5.46 33 34 Off 
169 Iowa-2 Large Residential 2 ACSA 8.85 8.33 21 21 On 
170 Iowa-2 Large Residential 3 TIAM 4.52 4.71 44 50 Off 
171 Iowa-2 Large Residential 4 TIAM 8.68 6.10 20 25 Off 
172 Iowa-2 Large Commercial 1 TIAM 4.61 2.78 26 26 Off 
173 lowa-2 Large Commercial 2 TIAM 4.80 2.76 25 25 On 
174 lowa-2 Large Commercial 3 GLTR 6.53 6.84 26 26 Off 
175 lowa-2 Large Commercial 4 GLTR 3.80 3.74 26 26 On 
176 Minnesota RuralA Rural park TIAM 3.53 2.82 53 53 Off 
177 Minnesota RuralB Rural park TIAM 3.79 3.89 25 25 On 
178 Minnesota RuralB Rural park 2 TIAM 3.96 3.07 59 59 Off 
179 Minnesota Rural B Rural park 3 ACSM 1.98 2.40 63 On 
180 Minnesota RuralB Rural park 4 ACSM 1.86 1.03 89 Off 
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Tree width 10 years Adjusted core center in 
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181 Minnesota Small A Residential ACSA 5.98 3.10 48 113 Not reached 
182 Minnesota Small A Residential 2 ACSA 4.95 2.35 56 59 Off 
183 Minnesota Small A Residential 3 TIAM 7.14 5.74 22 22 Off 
184 Minnesota Small A Residential 4 ACSA 6.88 5.47 48 48 Off 
185 Minnesota Smal!B City park CLOC 1.63 2.00 20 20 Off 
186 Minnesota SmallB City park 2 CLOC 2.47 2.84 23 23 On 
187 Minnesota SmallB City park 3 ACSA 4.10 2.99 63 72 Off 
188 Minnesota SmallB City park 4 CLOC 2.03 2.34 59 59 Off 
189 Minnesota SmallB Residential CLOC 4.52 3.99 33 36 Off 
190 Minnesota SmallB Residential 2 CLOC 5.26 2.76 27 28 Off 
191 Minnesota SmallB Residential 3 ACSA 5.48 3.45 29 32 Off 
192 Minnesota SmallB Residential 4 ACSA 3.78 2.25 95 95 Off 
193 Minnesota Medium A City park 1 ACSA 3.47 1.96 75 104 Not reached 
194 Minnesota Medium A City park 2 ACSA 3.07 3.97 110 129 Off 
195 Minnesota Medium A City park 3 TIAM 9.71 9.71 10 10 Off 
196 Minnesota Medium A City park 4 TIAM 4.14 6.43 18 18 On 
197 Minnesota Medium A Residential ACSA 7.39 7.05 37 37 On 
198 Minnesota Medium A Residential 2 TIAM 5.51 8.06 26 26 Off 
199 Minnesota Medium A Residential 3 TIAM 4.92 5.54 22 25 Off 
200 Minnesota Medium A Residential 4 ACSA 4.70 4.71 29 29 On 
201 Minnesota Medium A Commercial l ACSA 6.96 7.32 26 28 Off 
202 Minnesota Medium A Commercial 2 GLTR 3.44 2.95 15 15 Off 
203 Minnesota Medium A Commercial 3 GLTR 3.46 3.36 16 16 Off 
204 Minnesota Medium A Commercial 4 ACSA 5.54 9.03 42 44 Off 
205 Minnesota MediumB City park 1 ACSA 3.08 0.66 74 83 Off 
206 Minnesota MediumB City park 2 ACSA 2.98 1.14 82 82 Off 
207 Minnesota Medium B City park 3 TIAM 7.31 7.31 7 7 Off 
208 Minnesota MediumB City park 4 TIAM 6.31 6.31 9 9 Off 
209 Minnesota MediumB Residential 1 ACSA 6.29 5.99 35 35 Off 
210 Minnesota MediumB Residential 2 ACSA 6.83 7.20 37 39 Off 
211 Minnesota MediumB Residential 3 TIAM 6.30 7.67 14 14 Off 
212 Minnesota Medium B Residential 4 TIAM 5.25 5.78 15 15 On 
213 Minnesota MediumB Commercial ACSA 8.61 10.24 35 35 Off 
214 Minnesota MediumB Commercial 2 ACSA 7.56 6.83 29 33 Off 
215 Minnesota MediumB Commercial 3 ACSA 6.13 4.67 21 22 Off 
216 Minnesota Large City park ACSA 3.37 3.85 23 23 Off 
217 Minnesota Large City park 2 GLTR 5.74 6.42 13 13 Off 
218 Minnesota Large City park 3 GLTR 2.59 2.77 25 25 Off 
219 Minnesota Large City park 4 CLOC 4.75 5.65 15 15 Off 
220 Minnesota Large City park 5 CLOC 5.25 7.39 17 17 On 
221 Minnesota Large City park 6 ACSA 6.08 7.02 16 16 Off 
222 Minnesota Large Residential ACSA 6.78 8.52 21 21 Off 
223 Minnesota Large Residential 2 ACSA 9.34 9.25 16 16 Off 
224 Minnesota Large Residential 3 GLTR 6.26 8.42 19 19 Off 
225 Minnesota Large Residential 4 GLTR 4.35 5.42 21 21 Off 
226 Minnesota Large Commercial 1 GLTR 5.25 3.94 23 23 Off 
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Overall Mean rmg 
mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species {mm/yr) {mm/yr) Age age respect to pith 
227 Minnesota Large Commercial 2 GLTR 4.72 4.72 28 28 Off 
228 Minnesota Large Commercial 3 GLTR 4.72 3.67 27 27 Off 
229 Minnesota Large Commercial 4 GLTR 4.60 4.79 28 31 Off 
230 Missouri Rura!A Rural park l CLOC 7.43 9.41 15 16 Off 
231 Missouri Rura!A Rural park 2 CLOC 6.85 9.42 18 18 Off 
232 Missouri Rural A Rural park 3 GLTR 3.24 3.02 42 57 Not reached 
233 Missouri Rura!A Rural park 4 GLTR 2.15 1.13 46 46 On 
234 Missouri Rura!B Rural park l GLTR 6.04 3.20 52 58 Not reached 
235 Missouri RuralB Rural park 2 CLOC 3.14 1.86 39 43 Off 
236 Missouri RuralB Rural park 3 CLOC 3.78 1.88 50 58 Off 
237 Missouri Rural B Rural park 4 CLOC 3.34 1.12 55 57 Off 
238 Missouri Small A City park l ACSA 3.80 3.55 78 81 Off 
239 Missouri Small A City park 2 ACSA 10.28 12.46 25 28 Off 
240 Missouri Small A Residential 1 ACNI 4.53 5.00 39 43 Off 
241 Missouri Small A Residential 2 ACNI 5.68 3.81 40 54 Not reached 
242 Missouri Small A Residential 3 ACSA 5.32 5.46 75 95 Not reached 
243 Missouri Small A Residential 4 ACSA 3.99 4.64 68 101 Not reached 
244 Missouri SmallB Residential 1 ACSA 3.13 2.26 68 68 Not reached 
245 Missouri SmallB Residential 2 ACSA 5.37 4.05 47 47 On 
246 Missouri Small B Residential 3 ACSA 6.35 6.65 36 36 Off 
247 Missouri Small B Residential 4 ACSA 5.02 3.75 37 41 Off 
248 Missouri Medium A Residential 1 ACSA 4.20 4.56 49 49 Off 
249 Missouri Medium A Residential 2 ACSA 6.40 6.55 47 47 Off 
250 Missouri Medium A Residential 3 CLOC 9.98 4.44 48 48 Not reached 
251 Missouri Medium A Residential 4 TIAM 6.06 3.30 41 41 On 
252 Missouri MediumB City park l ACSA 6.24 4.23 41 41 On 
253 Missouri MediumB City park 2 GLTR 6.16 4.29 36 36 On 
254 Missouri MediumB City park 3 GLTR 5.52 5.06 36 36 On 
255 Missouri MediumB City park 4 ACSA 7.33 8.31 25 25 On 
256 Missouri MediumB Residential ACSA 5.12 3.80 47 47 Off 
257 Missouri MediumB Residential 2 ACSA 5.43 4.05 31 31 Off 
258 Missouri MediumB Residential 3 ACSA 5.02 2.90 46 46 On 
259 Missouri MediumB Residential 4 ACSA 5.11 4.11 40 47 Off 
260 Missouri MediumB Commercial 1 GLTR 6.35 6.36 29 29 On 
261 Missouri MediumB Commercial 2 GLTR 7.40 8.95 16 16 On 
262 Missouri MediumB Commercial 3 GLTR 6.09 6.44 13 13 On 
263 Missouri MediumB Commercial 4 GLTR 6.03 6.01 25 25 On 
264 Missouri Large City park 1 CLOC 5.89 7.23 51 51 Off 
265 Missouri Large City park 2 ACSA 6.70 6.50 46 46 Off 
266 Missouri Large City park 3 CLOC 5.33 7.35 34 39 Off 
267 Missouri Large City park 4 ACSA 3.23 3.94 97 144 Not reached 
268 Missouri Large City park 5 ACSA 3.47 1.91 123 134 Off 
269 Missouri Large City park 6 CLOC 7.62 6.78 42 47 Off 
270 Missouri Large Residential ACSA 5.11 3.57 51 51 Off 
271 Missouri Large Residential 2 ACSA 6.18 4.04 43 43 Off 
272 Missouri Large Residential 3 ACNI 7.04 5.37 36 36 Off 
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mean ring width for last Increment 
Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
273 Missouri Large Residential 4 ACNI 7.82 5.23 34 34 Off 
274 Missouri Large Commercial GLTR 6.30 6.30 10 10 Off 
275 Missouri Large Commercial 2 GLTR 6.37 6.37 10 10 Off 
276 Missouri Large Commercial 3 GLTR 4.37 4.72 12 12 On 
277 Missouri Large Commercial 4 GLTR 4.06 4.21 11 11 Off 
278 Wisconsin Rural A Rural park 1 TIAM 3.93 3.63 44 44 On 
279 Wisconsin Rural A Rural park 2 TIAM 6.25 2.30 54 54 Off 
280 Wisconsin RuralA Rural park 3 ACSA 5.10 2.68 35 35 Off 
281 Wisconsin RuralA Rural park 4 ACSA 5.07 2.45 40 40 On 
282 Wisconsin RuralB Rural park 1 GLTR 5.05 5.24 26 26 Off 
283 Wisconsin Rural B Rural park 2 GLTR 4.73 7.36 32 32 Off 
284 Wisconsin Rural B Rural park 3 ACNI 3.20 3.35 93 93 On 
285 Wisconsin Rural B Rural park 4 ACNI 5.08 3.90 28 28 On 
286 Wisconsin Small A City park TIAM 6.31 6.56 18 18 On 
287 Wisconsin Small A City park 2 GLTR 4.51 5.23 14 14 On 
288 Wisconsin Small A City park 3 TIAM 11.03 11.32 15 15 Off 
289 Wisconsin Small A Residential 1 CLOC 7.18 4.59 20 20 Off 
290 Wisconsin Small A Residential 2 CLOC 7.30 5.87 31 31 On 
291 Wisconsin Small A Residential 3 ACSA 10.26 8.54 16 16 On 
292 Wisconsin Small A Residential 4 ACSA 10.83 10.06 14 14 On 
293 Wisconsin Medium A City park l ACSA 5.64 6.24 66 66 On 
294 Wisconsin Medium A City park 2 GLTR 7.57 5.77 17 17 On 
295 Wisconsin Medium A City park 3 GLTR 4.16 6.06 26 26 On 
296 Wisconsin Medium A City park 4 ACSA 5.67 5.53 61 61 Not reached 
297 Wisconsin Medium A Residential 1 ACSA 8.98 4.83 41 41 Not reached 
298 Wisconsin Medium A Residential 2 GLTR 5.33 3.86 33 33 Off 
299 Wisconsin Medium A Residential 3 GLTR 4.64 4.63 38 38 On 
300 Wisconsin Medium A Residential 4 ACSA 6.72 7.20 44 44 On 
301 Wisconsin Medium A Commercial GLTR 6.62 7.00 16 16 On 
302 Wisconsin Medium A Commercial 2 GLTR 5.07 7.38 22 22 On 
303 Wisconsin Medium A Commercial 3 ACSA 9.15 9.20 19 19 On 
304 Wisconsin Medium A Commercial 4 TIAM 5.30 5.30 9 9 On 
305 Wisconsin MediumB City park 1 ACSA 9.67 10.23 17 17 Off 
306 Wisconsin MediumB City park 2 ACSA 8.45 8.17 28 28 Off 
307 Wisconsin Medium B City park 3 GLTR 4.50 7.30 28 28 On 
308 Wisconsin MediumB City park 4 GLTR 2.96 4.75 26 26 On 
309 Wisconsin MediumB Residential 1 CLOC 3.12 3.22 43 43 On 
310 Wisconsin Medium B Residential 2 CLOC 5.49 3.08 43 43 Off 
311 Wisconsin MediumB Residential 3 ACSA 5.12 2.51 58 58 Off 
312 Wisconsin MediumB Residential 4 ACSA 7.80 7.94 22 22 Off 
313 Wisconsin MediumB Commercial ACNI 5.48 7.41 20 20 On 
314 Wisconsin MediumB Commercial 2 ACNI 3.05 3.13 17 17 On 
315 Wisconsin MediumB Commercial 3 ACNI 3.17 3.18 13 13 On 
316 Wisconsin MediumB Commercial 4 ACNI 3.23 3.62 14 14 On 
317 Wisconsin Large City park 1 ACSA 4.99 3.60 71 71 Off 
318 Wisconsin Large City park 2 ACSA 4.04 1.75 96 96 Off 
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Tree width 10 years Adjusted core center in 
Tree# Cluster Town Land use # Species (mm/yr) (mm/yr) Age age respect to pith 
319 Wisconsin Large City park 3 ACSA 4.34 3.87 77 128 Not reached 
320 Wisconsin Large City park 4 GLTR 8.61 10.44 19 19 On 
321 Wisconsin Large City park 5 GLTR 7.91 9.27 18 18 On 
322 Wisconsin Large City park 6 GLTR 9.30 10.14 18 18 On 
323 Wisconsin Large Residential l ACSA 11.71 11.55 20 20 Not reached 
324 Wisconsin Large Residential 2 ACSA 5.96 4.78 30 30 On 
325 Wisconsin Large Residential 3 TIAM 7.52 7.24 17 17 On 
326 Wisconsin Large Residential 4 TIAM 6.32 6.66 16 16 On 
327 Wisconsin Large Commercial I GLTR 3.53 3.20 35 35 On 
328 Wisconsin Large Commercial 2 GLTR 3.75 2.29 27 27 Off 
329 Wisconsin Large Commercial 3 ACSA 3.41 4.63 68 68 Off 
330 Wisconsin Large Commercial 4 TIAM 5.47 6.03 20 20 Off 
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Table 2. Other tree characteristics: diameter ( cm), height (m), condition ratings, 
characteristics of the crown, and shoot extenson (cm) in 1997 and 1998. 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
1 75.6 27.74 3 3 3 Ellipse 50 5.38 
2 57.8 39.62 3 3 3 Cylinder 55 12 
3 62.7 28.96 3 5 5 Cylinder 55 5.32 
4 81.l 39.62 3 2 5 Ellipse 45 II 
5 72.7 23.77 3 5 4 vs. Parabola 55 9.43 
6 66.5 27.43 4 5 5 Parabola 90 7.43 7.00 20.00 
7 43 16.46 5 5 3 Parabola 95 6.46 
8 51.7 22.25 3 4 4 Ellipse 55 4.95 
9 56 14.94 3 5 4 Cylinder 40 8.2 
10 57.3 16.76 4 4 5 Parabola 65 8 
11 81.5 41.15 4 4 4 Parabola 80 11 
12 60.08 16.46 3 3 4 Parabola 70 7.75 1.50 7.50 
13 58 22.86 4 5 5 Parabola 60 8.67 
14 43.2 18.29 2 5 4 Parabola 40 6.58 
15 52.8 15.85 4 5 3 Parabola 65 8.96 
16 46.5 15.24 4 5 5 Parabola 55 6.86 
17 80.3 21.34 2 3 4 Parabola 45 11 3.50 10.50 
18 24 10.67 4 5 4 Parabola 65 3.46 21.00 21.00 
19 60.6 25.30 3 3 4 Parabola 80 6.72 2.50 6.00 
20 59.9 14.94 3 3 5 Parabola 90 6.89 14.75 17.75 
21 74.5 20.73 4 4 4 Parabola 60 8.4 8.00 10.50 
22 53.6 20.73 5 3 5 Parabola 80 9.43 5.88 8.08 
23 52.8 21.95 4 4 4 Parabola 75 11 5.00 12.50 
24 77.8 19.81 2 5 5 Parabola 55 8.56 8.75 11.50 
25 66.3 32.00 3 5 5 Parabola 40 15 4.75 10.25 
26 73.4 40.23 3 2 l Parabola 55 11 
27 64.5 15.24 3 4 3 Parabola 70 9.67 
28 50.4 18.90 4 5 5 Parabola 80 8.16 13.00 14.75 
29 62.3 18.29 3 5 4 Parabola 65 8.29 
30 56 17.37 4 4 5 Parabola 85 9.96 13.00 18.00 
31 31.2 14.33 3 4 5 Parabola 55 7.19 16.00 29.00 
32 45 14.63 4 5 4 Parabola 55 8.02 5.50 16.50 
33 42.4 12.19 4 4 5 Parabola 45 6.92 9.00 24.75 
34 44.3 13.11 4 4 5 Parabola 45 6.58 
35 67.5 16.76 4 5 4 Parabola 55 11.5 4.00 13.33 
36 48.6 16.15 3 3 5 Cylinder 55 7.44 8.33 13.33 
37 30.3 10.97 4 5 3 Parabola 95 4.59 12.33 17.83 
38 29.5 10.67 4 5 3 Parabola 95 5.3 12.00 9.00 
39 58.2 18.59 4 5 4 Parabola 45 14 
40 70.04 20.73 4 4 4 Parabola 45 9.2 
41 66.5 23.47 2 5 5 Parabola 40 12 
42 48 17.68 3 5 4 Parabola 50 9.05 
43 56 16.76 4 3 3 Parabola 90 8.71 8.50 9.88 
44 56.5 16.15 4 5 3 Parabola 40 8.04 3.83 14.33 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
45 51.5 17.68 3 3 4 Cylinder 50 3.5 5.50 11.00 
46 41 15.85 3 4 3 Parabola 40 6.9 22.50 17.75 
47 36.4 14.63 4 2 3 Parabola 65 5.27 10.50 7.00 
48 39 19.81 3 2 2 Cylinder 50 5.77 15.50 24.00 
49 47 17.37 3 5 4 Cylinder 80 6.76 23.25 30.50 
50 62.7 16.76 3 5 5 Cylinder 65 7.58 23.25 43.50 
51 63.4 17.37 2 5 5 Cylinder 40 7.91 
52 60 18.59 2 3 5 Parabola 30 8.98 
53 24.l 9.45 3 3 4 Parabola 50 5.59 29.75 23.50 
54 23.3 8.84 3 5 4 Cylinder 65 5.68 19.50 27.83 
55 62.7 14.33 3 5 3 Ellipse 75 6.49 
56 33.2 12.19 3 5 Parabola 60 6.46 20.83 12.83 
57 44.5 23.77 4 5 4 Cylinder 45 5.8 
58 46.2 22.86 2 5 5 Ellipse 60 7.44 
59 40.2 26.82 4 5 5 Parabola 60 7.17 
60 72 29.57 5 5 4 Ellipse 45 10 
61 86.4 39.93 3 3 4 Parabola 75 9.78 15.00 6.75 
62 136.4 34.75 3 3 3 3/4Parabola 50 16 
63 121.3 43.89 2 2 4 3/4Parabola 50 13 
64 26.2 10.97 4 5 5 Shere 95 4.78 21.33 28.83 
65 67.7 22.86 3 5 5 3/4Parabola 70 11 10.50 11.25 
66 61.5 19.51 3 3 4 3/4Parabola 80 6.37 3.50 4.25 
67 35.5 17.37 4 5 5 Parabola 75 6.92 30.00 16.00 
68 32.6 15.24 3 5 5 Ellipse 65 6.65 48.00 26.50 
69 58 21.95 4 5 5 Parabola 60 8.2 3.17 8.00 
70 46 20.73 4 5 4 Parabola 40 5.7 5.75 6.00 
71 66.2 37.49 2 5 4 Cylinder 35 7.64 
72 68 21.64 3 4 3 Ellipse 85 8.2 8.00 6.33 
73 38.5 17.07 3 5 4 Parabola 80 5.15 5.67 11.00 
74 81 32.92 4 5 5 Ellipse 75 9.78 36.50 51.50 
75 57 18.90 4 5 5 Parabola 95 7.25 5.75 9.25 
76 45.2 17.07 4 5 5 Shere 95 7.3 8.00 5.75 
77 77.2 27.43 3 4 5 Parabola 65 9.28 
78 78.2 30.78 3 4 3 Shere 75 9.5 
79 71.3 29.87 4 5 3 Ellipse 65 7.3 19.00 16.67 
80 39.l 16.76 3 4 5 Parabola 70 5.2 13.07 14.50 
81 70.8 21.64 4 5 4 Parabola 90 8.68 4.50 6.00 
82 50.8 17.37 4 5 5 Shere 95 7.77 14.17 10.33 
83 39 14.94 3 5 4 Parabola 65 5.8 8.50 4.50 
84 72.2 17.98 4 5 5 Parabola 85 6.93 21.00 19.50 
85 27.2 9.30 4 5 5 Parabola 75 5.25 
86 18.l 6.10 2 4 5 Parabola 55 4.54 
87 64.8 17.98 3 5 3 Parabola 85 7.96 21.38 15.33 
88 14.4 6.71 2 2 Ellipse 40 3.4 
89 85.2 24.38 4 5 3 Shere 95 8.32 14.00 10.83 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric ¾of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
90 55 16.76 4 5 3 Ellipse 80 9.1 
91 64 24.38 3 5 4 3\4Parabola 80 7.23 11.60 10.43 
92 42.4 12.80 4 4 5 Parabola 90 7.5 
93 57.7 25.60 4 5 5 Cylinder 90 6.42 20.50 38.50 
94 78.6 34.14 4 5 3 Parabola 85 8.2 
95 65.6 23.77 4 5 5 Shere 95 8.89 6.00 8.93 
96 65 28.65 5 5 5 Parabola 85 7.23 8.83 9.67 
97 15.5 7.62 5 5 5 Shere 90 2.72 29.00 44.00 
98 18.4 8.23 4 5 5 Shere 85 2.82 
99 15.2 7.92 5 5 5 Ellipse 85 3.03 40.00 44.00 
100 16.9 7.92 4 5 5 Shere 95 2.61 41.00 28.00 
101 59.9 23.47 2 4 4 Ellipse 55 7.92 5.25 16.50 
102 61.9 20.42 4 4 5 Parabola 60 10.5 10.00 14.00 
103 64 22.86 2 5 3 Ellipse 50 7.22 15.00 6.50 
104 44.5 20.12 2 4 4 Parabola 45 7.48 11.75 2.50 
105 105.9 35.97 5 3 4 Parabola 55 12 
106 90 32.00 4 5 3 Parabola 80 11 
107 67.6 23.47 2 4 3 Sphere 80 10.5 11.50 17.75 
108 56.6 23.47 4 5 5 Ellipse 75 8.93 4.50 5.25 
109 41.5 14.94 3 5 5 Sphere 65 7.44 31.50 7.50 
110 46 17.37 4 4 5 Cylinder 80 8.32 
111 52.05 14.63 3 5 5 Ellipse 60 9 16.25 12.50 
112 48.2 14.33 4 5 5 Cylinder 85 7.88 
113 18.3 8.53 3 4 3 Cylinder 70 4.1 19.67 19.17 
114 27.6 11.89 4 4 5 Parabola 75 4.23 12.00 6.75 
115 46.2 23.47 3 3 3 Parabola 30 8.18 15.00 11.50 
116 68.5 30.18 3 3 3 Parabola 30 5.25 9.00 16.00 
117 40.7 26.21 3 5 5 Parabola 40 6.4 6.00 4.50 
118 79.2 26.82 5 5 5 Parabola 50 8.7 3.00 2.50 
119 83.4 28.96 2 5 4 Parabola 40 7.7 3.00 6.80 
120 51.3 23.47 5 4 Parabola 40 4 2.50 2.00 
121 81.5 32.31 3 3 Ellipse 15 6.8 
122 84 26.82 3 1 Ellipse 20 6.8 
123 53.5 24.38 1 3 3 Parabola 20 6.7 8.00 14.00 
124 40.2 19.81 3 5 3 Ellipse 60 5.7 7.00 11.00 
125 43.5 22.86 3 5 3 Parabola 50 6.8 6.00 7.30 
126 39.1 24.38 3 5 5 Cylinder 40 4.78 13.00 13.00 
127 85.5 30.48 3 5 4 Parabola 40 10 
128 87 24.38 2 5 3 Parabola 30 10.3 
129 34 13.72 5 5 4 Parabola 65 5.97 9.00 12.00 
130 37.5 23.47 5 5 3 Parabola 50 5.76 14.50 19.50 
131 39.5 16.15 2 5 5 Parabola 45 7.8 7.50 32.00 
132 51 15.24 2 5 5 Parabola 40 9.33 15.00 33.00 
133 43.1 17.37 3 5 5 Parabola 60 5.1 23.50 12.50 
134 102 25.30 4 5 Parabola 75 9.79 
135 44 17.98 3 4 4 Ellipse 55 6.14 3.50 8.91 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
136 88.2 27.74 4 3 5 Parabola 90 9.1 
137 44.5 25.60 3 5 5 Ellipse 55 4.9 
138 58 21.95 4 5 3 Parabola 45 6.18 
139 81 26.82 2 5 3 Parabola 45 11 3.50 5.00 
140 34.1 14.33 5 5 4 Cylinder 65 5.1 53.00 10.00 
141 51 15.85 4 5 4 Parabola 98 5.8 5.75 12.75 
142 38 17.37 3 5 5 Parabola 80 5.9 7.50 12.00 
143 74.5 37.49 3 3 3 Ellipse 25 10.4 
144 42 12.50 3 5 5 Parabola 10 5.6 22.00 12.17 
145 84 22.86 3 4 3 Parabola 30 6.55 
146 91.1 24.99 3 3 2 Parabola 60 8.5 
147 79.1 27.13 3 4 4 Cylinder 65 8.8 5.00 3.00 
148 73.6 30.78 3 5 5 Cylinder 55 5.85 10.50 11.25 
149 69.8 29.87 3 3 3 Cylinder 60 6.34 9.83 10.17 
150 59 26.82 3 5 3 Parabola 40 5.8 4.50 3.00 
151 93.5 31.39 5 3 3 Parabola 75 7.7 8.50 13.50 
152 89 23.77 4 5 4 Parabola 80 7.27 5.83 5.33 
153 21 8.23 5 5 4 Parabola 90 6 23.25 35.00 
154 46 14.33 4 4 5 Parabola 65 4.33 30.00 32.00 
155 47.4 19.81 3 5 3 Parabola 40 6.2 7.60 10.33 
156 45.3 20.73 3 3 3 Parabola 80 7.22 18.17 17.67 
157 39.7 18.59 3 2 3 Parabola 90 6.97 2.75 5.60 
158 45.2 17.37 5 1 3 Cone 85 6.92 
159 48.8 11.28 3 3 Cylinder 80 6.16 2.67 6.33 
160 46.6 15.85 3 4 5 Parabola 80 5.4 5.75 8.50 
161 27.8 15.54 5 5 5 Parabola 60 5.28 24.00 24.00 
162 24.5 12.19 3 5 5 Parabola 55 5.91 30.00 17.00 
163 62.5 21.00 5 5 5 Parabola 70 6.6 5.80 4.50 
164 63 19.81 3 5 4 Parabola 60 7.25 5.70 4.00 
165 86 28.35 3 4 4 Parabola 60 8.99 9.50 18.00 
166 48.2 19.51 4 4 Ellipse 15 2.1 
167 69.5 31.70 3 3 Parabola 15 6.8 
168 62.3 22.56 4 3 4 Parabola 90 8.23 5.00 11.50 
169 48.5 19.81 4 5 4 Parabola 75 6.2 9.50 7.00 
170 58.6 17.68 4 5 4 Parabola 65 3.7 6.00 6.50 
171 64.7 20.12 4 4 3 Parabola 75 6.1 I 1.00 18.00 
172 28.6 9.14 3 5 4 Parabola 45 3.2 1.00 11.00 
173 28.9 10.06 3 5 5 Parabola 50 3.94 7.50 13.50 
174 32.7 10.67 l 5 5 Parabola 30 5.9 16.00 19.50 
175 21.5 11.28 2 5 3 Parabola 40 4.1 
176 20.5 11.28 2 3 Parabola 45 5.24 14.75 22.75 
177 50.8 26.52 2 3 3 Ellipse 55 5.9 4.15 4.35 
178 43.3 25.60 4 3 5 Parabola 50 7.35 
179 30.5 19.81 3 3 1 Ellipse 70 3.62 
180 41.3 20.42 3 3 3 Parabola 40 7.35 
181 106 24.38 3 3 3 Parabola 75 13 5.75 3.75 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
182 67.5 25.91 3 4 4 Parabola 45 9.24 
183 39 12.80 4 4 3 Parabola 95 6.22 20.50 13.00 
184 81.7 24.69 3 2 3 Parabola 60 15 17.50 6.25 
185 12.5 6.10 3 4 3 Ellipse 60 2.53 
186 15.1 6.25 3 4 3 Ellipse 80 2.09 15.20 17.25 
187 72.9 4 4 3 Ellipse 65 13 8.00 9.50 
188 28.5 15.24 2 1 3 Ellipse 35 4.49 12.00 19.75 
189 42.5 14.33 2 3 3 Ellipse 35 6.23 20.00 21.50 
190 39 13.72 2 5 5 Ellipse 25 5.27 18.00 19.00 
191 47 14.02 3 2 5 Cylinder 60 6.52 5.40 4.67 
192 79 14.94 3 2 Parabola 30 8.92 3.50 4.00 
193 124.2 25.30 1 3 Ellipse 50 8.4 
194 99.8 21.95 3 2 Parabola 35 7.22 
195 22.5 8.53 4 2 Ellipse 85 2.83 12.50 16.00 
196 19.6 7.16 4 5 5 Parabola 75 2.32 21.00 23.00 
197 62.2 14.33 3 3 3 Cylinder 65 7.45 9.67 11.33 
198 37.7 11.58 4 3 2 Parabola 85 4.5 18.25 20.75 
199 35 12.19 3 2 3 Cone 70 4.93 16.00 21.15 
200 33.5 10.67 2 5 5 Parabola 60 4.79 15.83 13.33 
201 49.1 8.84 3 5 5 Cylinder 95 5.8 10.25 8.25 
202 13.8 7.01 5 3 5 Cylinder 50 3.45 42.00 24.00 
203 12.7 6.10 5 3 5 Parabola 25 2.84 12.00 6.50 
204 58 14.33 4 3 5 Parabola 60 6.08 
205 62.9 25.60 2 4 Ellipse 40 14 
206 56.4 26.52 3 4 5 Ellipse 55 6.32 
207 12.2 5.18 5 3 5 Parabola 95 2.83 33.25 35.25 
208 16.4 5.49 3 3 3 Parabola 85 2.07 28.50 18.00 
209 53.4 22.86 4 4 4 Ellipse 80 6.79 16.50 18.00 
210 62.9 21.95 3 4 3 Cone 70 6.31 5.50 4.00 
211 23.5 8.84 3 5 5 Cone 85 3.95 22.25 12.25 
212 21.4 7.62 3 3 5 Parabola 85 2.94 20.07 22.33 
213 69.6 15.54 3 3 3 Parabola 75 8.1 9.00 10.00 
214 64.2 16.46 5 4 2 Cylinder 80 6.74 
215 36.7 13.41 5 5 3 0.5Ellipse 60 6.11 5.00 3.25 
216 19 7.92 4 2 3 Parabola 70 2.88 
217 21.5 8.53 3 3 5 Parabola 40 3.49 45.00 28.00 
218 19.3 7.32 3 3 3 Parabola 45 4.39 21.50 19.50 
219 18.6 6.71 4 3 5 Parabola 95 2.36 13.85 12.50 
220 21.3 10.06 3 5 3 Cylinder 40 5.9 18.75 10.00 
221 24.1 12.50 3 5 3 Parabola 70 6.26 30.67 52.50 
222 33.9 11.28 3 5 3 Parabola 85 4.99 10.25 7.23 
223 33.8 9.14 3 5 3 Ellipse 85 5.93 9.50 9.50 
224 25.2 9.45 3 3 5 Parabola 70 4.79 8.75 17.50 
225 22.4 9.14 3 3 5 Parabola 60 4.99 36.00 44.50 
226 32.4 7.92 2 3 5 Ellipse 50 6.36 24.00 15.75 
227 31.9 7.62 3 5 5 Ellipse 65 5.9 38.00 28.00 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
228 28.1 7.01 2 3 4 Cylinder 50 4.4 14.75 18.50 
229 39.2 6.71 4 2 5 Cylinder 80 5.82 
230 33.1 13.11 4 5 3 Cylinder 60 6.64 48.75 13.50 
231 29.3 12.80 5 5 5 Parabola 75 5.83 24.75 33.00 
232 42.2 23.16 1 2 3 Ellipse 30 5.23 
233 28.2 21.95 2 5 2 Ellipse 25 6.16 
234 76.4 24.99 2 2 Parabola 30 9.26 
235 37.3 14.63 3 5 3 Ellipse 40 3.7 
236 58.2 19.51 5 3 Parabola 35 7.53 10.75 14.50 
237 47.5 14.02 3 3 2 Parabola 35 7.39 
238 70.4 20.12 1 3 3 Parabola 25 8 
239 67.7 18.90 2 2 2 Cylinder 50 5.88 24.25 25.25 
240 50.3 14.94 5 3 3 Parabola 95 5.2 2.00 3.67 
241 63.5 16.15 4 3 4 Parabola 95 7.4 9.25 6.75 
242 100.5 23.16 3 4 4 Ellipse 80 7.53 37.50 18.75 
243 77.2 24.38 3 5 5 Parabola 60 13 45.00 15.00 
244 51.1 17.68 2 3 3 Parabola 70 7.53 17.50 22.00 
245 63.3 21.03 2 5 1 Ellipse 40 6.64 8.50 22.83 
246 48.2 14.63 2 5 3 Ellipse 50 6.4 18.75 17.00 
247 51.2 16.46 3 3 2 Parabola 60 7.74 19.25 22.00 
248 49.9 17.68 4 3 5 Parabola 50 8.65 
249 67.8 21.64 5 5 5 Parabola 90 9.08 
250 104.1 33.53 4 5 3 Parabola 90 13 6.50 10.00 
251 68.5 19.51 4 5 5 Parabola 95 5.67 24.67 31.17 
252 54.2 17.37 4 5 5 Parabola 70 7.34 
253 50.2 21.64 2 5 5 Parabola 45 7.98 11.25 31.75 
254 50.7 17.68 2 5 3 Ellipse 45 7 
255 42.9 21.34 3 5 3 Parabola 70 5.6 9.50 4.50 
256 49.9 22.25 3 5 5 Parabola 50 5.16 
257 42.5 21.95 2 3 3 Cylinder 55 8.8 3.50 17.00 
258 57.2 22.56 3 5 4 Parabola 60 8.89 
259 64.7 15.85 5 5 3 Cylinder 90 6.1 
260 34.3 9.75 5 5 5 Parabola 75 3.13 
261 24.1 12.80 5 5 5 Parabola 80 4.91 23.00 19.50 
262 22 10.06 4 5 5 Parabola 45 4.89 26.25 15.75 
263 31.5 9.14 4 5 5 Parabola 80 4.82 19.50 20.00 
264 53.1 20.12 3 5 3 Parabola 70 6.5 11.67 8.67 
265 70.4 24.08 2 5 4 Parabola 50 6.63 
266 54.7 17.98 3 5 3 Ellipse 90 8.66 10.50 14.00 
267 87.7 22.86 2 3 2 Parabola 65 8 
268 103.7 22.56 3 3 3 Parabola 60 9.1 
269 84.4 35.05 3 5 3 Parabola 85 12 1.70 9.50 
270 61.9 19.51 4 5 3 Parabola 50 8.7 4.75 8.00 
271 57.3 22.86 2 5 3 Cylinder 65 7.1 19.25 25.00 
272 57.9 20.12 4 5 3 Parabola 70 7.97 
273 61.2 23.16 3 5 Parabola 65 6 14.50 20.25 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric %of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
274 17 7.32 3 5 3 Parabola 50 4.9 63.50 56.00 
275 15 7.32 3 5 5 Parabola 50 3.7 22.17 37.67 
276 14.3 6.40 3 5 5 Cylinder 60 3.83 16.75 31.00 
277 12 5.79 5 5 5 Parabola 55 3.1 19.00 27.50 
278 46.5 15.85 4 5 5 Cone 75 6.36 2.57 10.83 
279 69.3 22.86 4 3 4 Parabola 80 7.18 12.50 8.69 
280 42.8 18.59 2 5 4 Ellipse 45 7.6 
281 44 19.51 4 5 3 Cylinder 50 6.43 5.33 6.33 
282 32.4 10.36 4 5 5 Cylinder 60 6.4 20.25 22.75 
283 27 8.84 4 4 5 Ellipse 55 5 20.75 26.25 
284 68.2 17.83 3 2 I Shere 90 9.27 27.00 18.50 
285 35.1 17.07 4 5 3 Parabola 70 5.99 
286 25.7 10.06 5 5 5 Cone 95 3.36 21.83 15.50 
287 15.2 6.71 4 3 5 Cylinder 55 3.41 26.33 16.00 
288 36 10.36 4 5 5 Cone 98 3.13 22.00 28.00 
289 44.5 14.17 4 5 5 Cylinder 70 7.55 
290 48.5 14.63 4 5 5 Parabola 75 6.8 
291 38.4 12.19 4 5 5 Cylinder 90 5.76 
292 37.2 15.24 4 5 5 Parabola 95 6.12 19.00 28.00 
293 80.5 27.13 4 5 3 Parabola 70 8.45 
294 33.9 17.68 4 3 5 Parabola 45 7.76 10.00 15.00 
295 28.9 16.15 2 5 3 Cylinder 45 5.45 15.83 24.33 
296 89.2 39.93 4 5 3 Parabola 65 15 
297 83.4 33.22 5 4 2 Parabola 80 13 9.75 17.50 
298 42 16.61 4 5 3 Parabola 40 9.14 
299 36 20.12 2 5 3 Parabola 45 6.37 25.75 41.50 
300 60.2 20.42 5 5 3 Parabola 75 8.45 
301 33 10.21 3 5 5 Cylinder 55 6.1 17.67 42.17 
302 27 10.06 4 5 5 Shere 45 5.4 21.00 33.67 
303 42.l 13.11 4 5 5 Parabola 98 5.97 27.50 46.50 
304 11.5 5.79 5 5 5 Cylinder 95 2.2 21.00 21.33 
305 40 16.15 5 4 3 Parabola 85 6 7.50 21.33 
306 46.5 14.33 5 4 5 Cylinder 75 6.4 4.17 4.17 
307 28.7 12.50 4 5 5 Ellipse 50 4.1 19.50 16.00 
308 21.4 11.13 4 5 4 Parabola 40 4.01 14.00 20.50 
309 40.6 12.19 3 3 5 Parabola 90 6.43 
310 49.7 11.89 5 4 5 Ellipse 80 5.74 
311 68.8 18.59 4 3 5 Cylinder 85 8.2 
312 40.9 17.07 5 5 5 Parabola 90 7.17 11.00 9.00 
313 25.9 7.32 4 5 5 Cylinder 85 4.7 10.50 26.67 
314 12.4 6.10 4 5 5 Parabola 90 1.7 10.50 21.75 
315 10.3 6.40 4 5 3 1/2 Ellipse 95 2 47.00 38.00 
316 12.3 6.10 4 5 4 Cone 90 1.85 24.00 52.00 
317 72.4 22.86 3 4 4 Ellipse 55 7.17 
318 87 30.18 4 4 4 Cylinder 55 8.4 
319 99.l 24.38 4 3 3 Cylinder 60 15 
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Table 2. Continued 
Shoot Shoot 
Crown Trunk Root collar Geometric ¾of Crown length, length, 
Tree DBH Hgt condition condition condition shape of canopy width 1998 1997 
# (cm) (m) rating rating rating canopy in leaf (m) (cm) (cm) 
320 40. l 14.02 4 5 5 Parabola 55 6.17 
321 32.6 l l.13 4 5 5 Cone 65 6.6 
322 31.4 11.58 4 5 5 Cylinder 65 6.94 30.75 26.75 
323 51 19.20 5 5 4 Parabola 95 9.42 12.75 8.75 
324 62.8 16.76 5 5 5 Parabola 85 6.29 
325 30.9 12.19 5 3 4 Cone 85 4.53 26.50 18.50 
326 22.2 8.53 5 5 5 Cone 95 3.16 18.00 24.25 
327 30.2 9.45 4 5 5 Parabola 70 6.18 6.00 5.00 
328 30.5 13.11 4 5 4 3/4Shere 70 6 9.50 15.50 
329 90.6 27.43 4 3 3 l/2Parabola 85 8.08 13.00 55.00 
330 29 10.82 5 5 5 Cylinder 85 3.84 19.17 22.17 
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Table 3. Abiotic variables: light measurements, ambient air temperature (°C), 
discription of the weather conditions, and toeograehl of the sameling sites. 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0C)/Time ( 0C)/Time Weather (%) (0) 
90 920 3:00pm 33/3:00pm 32/4:20pm Sunny 0 
2 100 100 3:30pm Partly cloudy 0 
3 31 750 35 4:00pm Sunny 0 
4 25 54 4:15pm Sunny 0 
5 27 235 22 6:10pm 30/6:lOpm 27/7:50pm Sunny 2 170 
6 8 38 16 6:35pm Sunny 6 10 
7 44 180 7:05pm Sunny 8 0 
8 15 29 7:35pm Sunny 1 0 
9 41 55 10:10am 27/10:25am 26.5/12 :40pm Cloudy 0 
10 20 58 10:50am Cloudy 0 
11 87 180 11 :35am Cloudy 0 
12 90 340 12:40pm Partly cloudy 0 
13 29 1124 3:00pm 30/3:lOpm Sunny 1.5 0 
14 150 855 3:45pm 30/5:30pm Sunny 1.5 180 
15 31 628 4:15pm Sunny 0 
16 32 700 5:00pm Sunny 180 
17 72 770 11:10am 28/11:00am 29/12:25pm Sunny 0 
18 45 755 11:15am Sunny 0 
19 53 790 12:00pm Sunny 0.5 180 
20 37 500 12:20pm Partly cloudy 0 
21 55 665 170 1:55pm 29/2:00pm 30/3:30pm Sunny 0.5 220 
22 15 280 2:50pm Partly cloudy 0 
23 150 73 2:50pm Partly cloudy 0 
24 92 341 3:35pm Partly cloudy 0 
25 95 835 31 3:30pm 28.5/3:50pm 29/5:30pm Sunny 0 
26 19 48 4:20pm Sunny 0 
27 85 335 5:00pm Sunny 0 
28 11 525 5:30pm Sunny 11 170 
29 195 170 7:30am 23/7:30am 25.5/9:25am Sunny 0 
30 7 43 8:05am Sunny 0 
31 13 45 8:10am Sunny 0 
32 25 127 9:15am Sunny 0 
33 180 250 6:55pm 30/6:40pm Sunny 0.5 90 
34 28 160 7:00pm Sunny 0.5 90 
35 30 530 9:05am 27/9:20am 27/10:50am Sunny 0 
36 18 690 9:30am Sunny 0 
37 14 950 10:10am Sunny 0 
38 10 875 10:50am Sunny 15 0 
39 14 33 7:35pm 28/7:40pm Sunny 1.5 270 
40 15 35 7:35pm Sunny 1 270 
41 131 1070 11:40am 28/12:lOpm Sunny 0 
42 JOO 968 11:40am Sunny 0 
43 61 1160 100 12:55pm 34/12:50pm 36.5/5:05pm Sunny 0 
44 300 1112 2:50pm Sunny 0 
103 
Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0C)/Time Weather (%) (0) 
45 380 700 3:30pm Partly cloudy 0 
46 109 720 4:10pm Sunny 0 
47 160 770 4:40pm Sunny 0 
48 595 595 4:45pm Sunny 0 
49 14 54 7:40pm 31.5/8:00pm Sunny 80 
50 4 6 8:35pm Dark 0.5 280 
51 170 1000 48 10:30am 32.5/10:30am Sunny 0.5 270 
52 17 810 10:40 Sunny 0.5 270 
53 540 625 9:05am 36/9:20am Sunny 0 
54 190 730 9:25am Sunny 0 
55 70 1200 12:20pm 34/12:20pm Sunny 47 180 
56 31 270 6:30pm 33.5/6:15pm Sunny 0 
57 16 25 9:30am 23/9:30am Sunny 0 
58 430 103 23 9:25am 15/9:20am Sunny 6 180 
59 100 150 10:00am Sunny 0 
60 15 150 10:40am Sunny 0 
61 28 120 11:15am Sunny 0 
62 190 467 1:10pm 22/12:45pm 22/1:40pm Partly sunny 2 90 
63 92 443 1:10pm Partly sunny 3 60 
64 27 350 1:25pm Partly sunny 8 210 
65 22 368 181 2:15pm 22/2:15pm 23/3:25pm Partly sunny 10 270 
66 18 439 2:20pm Partly sunny 10 270 
67 62 316 3:20pm Partly sunny 0 
68 84 338 181 4:00pm Partly sunny 2 120 
69 590 770 2:55pm 3 l/2:55pm 30/4:25pm Sunny 6 0 
70 51 780 2:55pm Sunny 6 0 
71 32 620 4:05pm Sunny 4 0 
72 420 490 4:35pm Sunny 5 0 
73 27 290 5:25pm 27/5:15pm 19/7:55pm Sunny 0 
74 150 210 6:00pm Sunny 6 270 
75 4 18 7:00pm Sunny 0 
76 2 5 2 7:25pm Sunny 4 135 
77 72 152 1:05pm 21/1 :l0pm 21/3:05pm Cloudy 0 
78 61 338 1:30pm Cloudy 0 
79 262 289 2:10pm Cloudy 3.5 305 
80 250 270 3:00pm Cloudy 5 115 
81 4 51 3:55pm 20.5/3:50pm 20/5:45pm Cloudy 0 
82 14 107 4:35pm Cloudy 11 90 
83 6 35 5:10pm Cloudy 5 180 
84 4 19 15 5:55pm Cloudy 10 190 
85 15 65 7:45am l 7.5/7:45am 20/9:15am Cloudy 4 150 
86 26 62 8:05am Cloudy 1 180 
87 5 59 8:45am Cloudy 0 
88 38 58 9:00am Cloudy 2.5 280 
89 20 1030 12:05pm 22.5/12: 1 0pm 25/1:50pm Sunny 0 
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Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0 C)/Time Weather (%) (0) 
90 43 1045 12:50pm Sunny 0 
91 135 1000 1:10pm Sunny 2 0 
92 500 900 1:45pm Sunny 10 0 
93 40 650 3:05pm 27/3:05pm 25/5:20pm Sunny 13 225 
94 13 17 15 3:50pm Cloudy 3 225 
95 23 500 60 4:45pm Sunny II 90 
96 5 35 5:30pm Sunny 13 135 
97 50 75 6:25pm 28.5/6:30pm 28/7:30pm Sunny 0 
98 35 98 6:25pm Sunny 0 
99 4 11 7:00pm Sunny 15 120 
100 3 8 7:05pm Sunny 5 
101 19 500 32 5:25pm 28/5:20pm 23/8:00pm Sunny 3 275 
102 18 450 24 5:30pm Sunny 3 275 
103 3 8 7:50pm Sunny 17 45 
104 8 34 9:00am 18.5/9:00am 19/9:50am Cloudy 8 120 
105 11 40 9:15am Cloudy 14 120 
106 17 84 9:50am Cloudy 5 120 
107 16 1035 12:40pm 28/12:40pm 29.5/4:00pm Sunny 11 125 
108 270 1110 1:20pm Sunny 0 
109 20 845 26 4:00pm Sunny 19 110 
110 29 670 28 4:30pm Sunny 13 100 
111 9 75 13 2:35pm 28.5/2:40pm Sunny 3 100 
112 500 865 3:10pm Sunny 5 180 
113 6 18 8:00am 20.5/8:05am Cloudy 50 
114 73 222 10:30am Cloudy 6 210 
115 70 95 27/? ? 5 
116 100 1050 ? 5 
117 200 1100 ? 5 
118 100 600 Partly cloudy 3 
119 550 950 Sunny 3 
120 140 230 Cloudy 2 
121 58 200 18/10:30am 
122 56 500 
123 57 657 
124 590 600 22/l l:30am 
125 480 490 Cloudy 
126 300 510 
127 53 930 10:00am 13.5/10:00am Sunny 0 
128 500 1000 Sunny 0 
129 65 1360 Sunny 0 
130 50 1050 Sunny 0 
131 58 1455 1085 1:30pm 19/l:30pm Sunny 
132 64 1320 1085 2:45pm Sunny 
133 20 1000 1300 Sunny 
134 30 1260 40 Sunny 
105 
Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0 C)/Time Weather (%) (0) 
135 24 48 8:00am 10/8: 1 0am l 6.5/9:50am Sunny 5 90 
136 43 280 8:40am Sunny 12 200 
137 32 38 9:30am Sunny 44 125 
138 130 227 9:30am Sunny 33 270 
139 132 180 160 5:00pm 24/5:00pm Cloudy 
140 38 145 39 5:20pm Cloudy 
141 6 70 11:50am 24/l l:55am 24/12:35pm 0 
142 8 870 12:40pm 0 
143 129 200 12:25pm 22/12:25pm 25/3:00pm Cloudy 4.5 
144 150 275 1:00pm Cloudy 1 
145 330 400 2:30pm Cloudy 0 
146 155 320 3:00pm Sunny 0 
147 23 66 44 7:00pm 13/7:00pm Cloudy 
148 120 270 230 9:50am 20/9:50am Cloudy 4 
149 120 317 246 ? Cloudy 4 
150 54 154 129 ? Cloudy 2 
151 80 1100 85 11:00am 21/11 :00am Sunny 3.5 
152 100 1170 l 1:30am? Sunny 2 
153 21 465 5:10pm 23/5:l0pm Sunny 0 
154 110 230 6:00pm Sunny 4.5 
155 100 70 90 9:20am 19/9:30am Sunny 
156 40 850 700 10:10am Sunny 
157 20 90 180 3:00pm 23.5/3:00pm Sunny 2 
158 30 280 250 3:30pm Sunny 2 
159 200 1200 58 12:50pm 23/1:00pm 22/6:30pm Sunny 
160 30 1318 30 Sunny 
161 52 80 44 Sunny 
162 34 95 29 Sunny 
163 90 1 0 Cloudy 
164 100 900 22/ Cloudy 
165 150 360 Cloudy 
166 800 1000 Cloudy 
167 100 125 Cloudy 
168 15 125 95 11:30am 11/11 :35am Cloudy 
169 30 180 115 12:00am Cloudy 
170 100 930 260 5:00pm 24/5:00pm Sunny 
171 15 255 100 1:15pm l l/l l:35am Cloudy 
172 45 430 214 2:50pm 15/2:50pm Cloudy 
173 20 450 230 ? Cloudy 
174 100 383 335 4:00pm Cloudy 
175 190 326 318 Cloudy 
176 19 569 33 9:45am 25/9:30am Sunny 2 90 
177 30 720 280 3:50pm 23/4:30pm 20.5/6:50pm Sunny 3 180 
178 13 46 20 4:30pm Sunny 6 225 
179 5 10 4 6:20pm Sunny 7 ? 
106 
Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0 C)/Time Weather (%) (0) 
180 2 2 7:20pm Sunny 18 ? 
181 15 120 75 11:30am 26/11:30am 29/2:l0pm Sunny 90 
182 170 130 150 11:30am Sunny 90 
183 32 1220 1:55pm Sunny 5 100 
184 37 1190 3:00pm Sunny 1 260 
185 60 90 8:25am 19/8:25am Cloudy 0 
186 28 90 64 8:30am Cloudy 0 
187 16 1220 11:15am 22.5/11 :00am Sunny 0 
188 23 1400 89 11:45am Sunny 0 
189 37 104 7:40pm 21.5/7:55am 21/9:45am Cloudy 20 70 
190 13 36 8:15am Cloudy 20 70 
191 18 312 181 9:50am Cloudy 7 0 
192 62 1000 66 10:45am Cloudy 11 42 
193 100 455 8:45am 25/8:55am 32.5/10:25am Sunny 22 30 
194 91 538 9:20am Sunny 16 20 
195 125 700 9:35am Sunny 0 
196 200 772 10:20am Sunny 0 
197 41 900 95 10:50am 29/11:00am Sunny 0 
198 29 1380 11:45am Sunny 12 100 
199 31 1350 78 12:15pm Sunny 12 100 
200 27 150 2:10pm 28/2:15pm Cloudy 0 
201 90 1322 1:20pm 30.5/1:20pm 26/2:50pm Sunny 1 10 
202 49 89 28 2:50pm Cloudy 0 
203 84 208 51 3:20pm Cloudy 0 
204 108 400 182 4:05pm Cloudy 0 
205 69 790 570 3:00pm 25/2:55pm 3 l .5/4:05pm Partly cloudy 3 290 
206 55 78 49 3:35pm Partly cloudy 3 80 
207 67 990 4:05pm Sunny 3 335 
208 740 920 4:20pm Sunny 6 190 
209 40 660 125 5:25pm 24.5/5:15pm 29.5/6:45pm Sunny 0 
210 90 650 52 5:30pm Sunny 0 
211 29 462 100 6:25pm Sunny 0 
212 43 350 6:35pm Sunny 0 
213 8 17 7 8:45pm 22/9:20pm Dark 0 
214 9 16 7 8:50pm Dark 0 
215 8 16 8 8:50pm Dark 0 
216 123 353 6:10pm 29/6:15pm 24.5/8:30pm Partly cloudy 0 
217 56 155 6:35pm Partly cloudy 100 
218 11 38 8:20pm Partly cloudy 10 ? 
219 2 4 9:05pm Dark 3 ? 
220 Dark Dark 9:15m Dark 9 ? 
221 400 638 5:15pm 33/5:05pm Sunny 0 
222 70 400 10:20am 27/10:25am 26/12:50pm Partly cloudy 0 
223 32 450 10:45am Partly cloudy 0 
224 79 810 12:40pm Cloudy 10 80 
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Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0C)/Time ( 0C)/Time Weather (%) (0) 
225 147 720 1:10pm Sunny 1 270 
226 120 420 3:50pm 28/3:50pm 33/5:15pm Cloudy 0 
227 64 400 4:05pm Cloudy 0 
228 JOO 750 4:20pm Sunny 0 
229 96 530 5:10pm Partly cloudy 12 ? 
230 22 134 5:00pm 23/5:00pm 21.5/7:40pm Sunny 4 250 
231 12 96 7 5:20pm Sunny l 250 
232 13 34 6:30pm Sunny 5 305 
233 27 69 6:50pm Sunny 2 
234 34 72 63 7:00pm 22/8:00pm Dark 0.5 350 
235 70 107 7:20pm Dark l 45 
236 15 33 7:40pm Dark 0.5 320 
237 TOO DARK 8:50pm Dark 3 280 
238 78 213 140 1:20pm 18/l:50pm Cloudy 0 
239 37 224 2:20pm Cloudy 0 
240 70 152 79 4:00pm 19/4:00pm 20/6:50pm Cloudy 0 
241 5 226 63 4:20pm Cloudy 0 
242 15 114 68 5:30pm Cloudy 0 
243 39 222 88 6:20pm Cloudy 0 
244 128 243 75 10:25am 19/10:40am 23/2:15pm Cloudy 0 
245 72 272 11:00am Cloudy 1 160 
246 31 176 1:15pm Cloudy 0 
247 79 366 223 2:00pm Cloudy 0 
248 3 8 8 6:45pm 27/6:45pm Cloudy 0 
249 28 188 101 9:50am 17/8:50am 16/10:15am Cloudy 6 285 
250 20 153 43 9:30am Cloudy 0 
251 3 59 207 10:00am Cloudy 4 45 
252 22 105 8:15am 22/8:15am Cloudy 4 ? 
253 62 175 8:35am Cloudy 5 90 
254 36 72 89 9:25am Cloudy 3 135 
255 34 212 10:05am Cloudy 3 225 
256 48 115 11:15am 23/ll:15am 29/4:lOpm Cloudy 4.5 270 
257 500 800 3:00pm Cloudy 0 
258 89 900 191 4:00pm Cloudy 0 
259 80 300 5:00pm Cloudy 0 
260 85 800 173 12:30pm 26/12:40pm 27.5/2:30pm Sunny 2.5 0 
261 73 1910 750 1:30pm Sunny 0 
262 46 1000 19 1:50pm Sunny 0 
263 34 346 2:25pm Sunny 0 
264 73 660 10:00am 24/10:00am 23/3:00pm Partly cloudy 10 ? 
265 208 770 10:55am Partly cloudy 10 105 
266 108 385 11:10am Partly cloudy 12 180 
267 170 340 11:35am Partly cloudy 4 ? 
268 180 312 12:25pm Partly cloudy 4.5 ? 
269 32 170 3:10pm Partly cloudy 0 ? 
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Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0 C)/Time Weather (%) (0) 
270 70 1250 1130 1:15pm 27/1:25pm 26/6:25pm Cloudy 2 ? 
271 225 350 6:10pm Cloudy 1 ? 
272 23 78 7:00pm Cloudy 2 ? 
273 8 35 7:20pm Cloudy ? 
274 59 141 4:55pm 22.5/5:00pm 22/9:00pm Cloudy 0 
275 30 153 5:15pm Cloudy 0 
276 TOO DARK 9:00pm 0 
277 TOO DARK 9:20pm 0 
278 23 965 2:15pm 29.5/2:15pm 30.5/3.45pm Sunny 0 
279 49 1090 29 2:40pm Sunny 8 280 
280 60 890 3:35pm Sunny 5 240 
281 130 810 3:40pm Sunny 5 270 
282 75 186 9:30am 23.5/9:30am 24/ll:20am Cloudy 2 255 
283 83 218 9:30am Cloudy 2 185 
284 13 121 10:30am Cloudy 8 45 
285 42 204 120 11:10am Cloudy 4 270 
286 4 21 6:50pm 22/7:05pm Cloudy 15 5 
287 7 21 7:00pm Cloudy 3 0 
288 2 20 7:05pm Cloudy 4 90 
289 22 75 4:30pm 20.5/4:30pm 20/6:45pm Cloudy 3 135 
290 20 81 51 4:30pm Cloudy 2 135 
291 4 23 6:10pm Cloudy l 270 
292 2 27 6:10pm Cloudy l 270 
293 39 470 8:30am 21/8:30am 23.5/9:55am Sunny 0 
294 31 115 70 9:10am Partly cloudy 0 
295 65 324 9:30am Partly cloudy 15 90 
296 53 257 9:55am Partly cloudy 0 
297 41 620 10:45am 25/10:35am 25/12:45pm Partly cloudy 20 100 
298 73 580 11:45am Partly cloudy 0 
299 90 510 110 11 :45am Partly cloudy 0 
300 40 174 48 12:35pm Partly cloudy 0 
301 40 328 62 3:25pm 23.5/3:20pm 26/5:30pm Cloudy 2 0 
302 60 305 63 3:30pm Cloudy 0 
303 47 260 4:35pm Cloudy 4 210 
304 17 203 73 5:25pm Partly cloudy 6 90 
305 43 248 3:00pm 25/3:00pm 24/7:25pm Cloudy 0 
306 70 365 112 3:35pm Cloudy 10 180 
307 130 235 6:55pm Sunny 8 320 
308 20 51 7:30pm Sunny 0 
309 24 116 1:50pm 23.5/1 :55pm 25/6:00pm Cloudy 0 
310 76 286 2:25pm Cloudy 0 
311 44 140 5:00pm Cloudy 0 
312 28 126 5:45pm Cloudy 0 
313 13 32 8:05pm 24/8:20pm Sunny 2 45 
314 15 24 8:05pm Sunny 3 90 
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Table 3. Continued 
Light Other Air Temp. at Air Temp. at 
Light outside light Time of beginning of end of 
Tree beneath the the (e.g. light sampling sampling Slope Aspect 
# canopy canopy house) measur. ( 0 C)/Time ( 0 C)/Time Weather (%) (0) 
315 7 14 8:10pm Sunny 3 90 
316 8 15 8:20pm Sunny 20 90 
317 19 43 8:25am 22/8:20am 24/1 l:45am Rained 0 
318 19 39 9:05am Rained 0 
319 44 70 9:45am Rained 0 
320 100 230 10:40am Cloudy 0 
321 1 JO 285 10:40am Cloudy 80 
322 120 450 11:45am Cloudy 0 
323 55 550 3:40pm 25/3:50pm 29/6:30pm Partly cloudy 0 
324 53 755 4:20pm Sunny 0 
325 110 550 5:40pm Sunny 2 40 
326 96 195 6:25pm Sunny 0 
327 106 345 12:30pm 23.5/12:25pm 26/7:30pm Cloudy 0 
328 80 345 12:50pm Cloudy 0 
329 105 590 283 2:40pm Sunny 2 45 
330 8 49 11 7:25pm Sunny 0 
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Table 4. Biotic factors: number of competitors within 20 m and 9 m, presence (1) or 
absence (0) of disease, insect injury and mechanical injury. 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
1 8 0 0 0 0 1 
2 15 4 0 0 0 1 0 
3 12 1 0 0 0 0 0 
4 13 2 1 0 0 0 0 
5 3 1 0 0 0 0 1 
6 4 1 0 0 0 0 0 
7 4 0 0 0 0 0 0 0 
8 5 0 0 0 0 1 1 
9 13 0 0 0 0 0 1 
10 5 1 0 0 0 0 0 
11 12 0 0 0 0 0 0 
12 14 6 0 0 I 1 1 
13 6 2 0 0 0 0 0 
14 7 2 0 0 0 0 1 
15 6 1 0 0 0 0 0 
16 6 2 0 0 0 1 0 0 
17 6 1 0 0 1 
18 2 0 0 0 0 0 
19 4 1 1 0 0 1 
20 3 0 0 0 0 0 1 0 
21 5 0 0 0 0 0 0 1 
22 6 1 0 0 0 0 0 
23 6 2 0 0 0 1 
24 3 0 0 0 0 1 0 
25 8 2 0 0 0 1 0 0 
26 7 0 1 0 I 0 0 
27 6 0 0 0 0 0 
28 9 1 0 0 0 0 0 
29 5 0 0 0 0 1 
30 9 0 0 0 0 0 0 
31 8 1 0 0 0 0 0 
32 6 2 0 0 0 0 
33 1 2 
34 0 0 
35 5 0 0 0 0 0 
36 5 0 0 0 0 0 0 
37 12 1 0 0 0 0 
38 10 3 0 0 0 0 
39 4 0 0 0 0 0 
40 6 0 0 0 0 0 1 
41 3 1 0 0 0 0 0 0 
42 7 0 0 0 0 0 0 
43 0 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
44 11 2 0 0 0 0 
45 5 2 0 0 0 0 
46 12 0 0 0 0 
47 5 0 0 0 0 
48 2 1 0 0 0 0 1 
49 4 0 0 0 0 0 0 
50 4 0 0 0 0 1 0 0 
51 4 0 0 0 0 0 
52 5 0 0 0 0 0 
53 2 0 0 0 0 0 0 
54 1 0 0 0 0 0 0 
55 0 0 0 0 0 0 0 
56 0 0 0 0 0 0 
57 15 2 0 0 0 0 1 
58 4 1 1 0 0 1 0 0 
59 4 0 0 0 0 0 0 0 
60 21 7 0 0 0 0 0 
61 4 0 0 0 1 
62 2 1 0 0 0 
63 2 1 0 1 0 0 1 
64 5 0 1 0 0 1 0 0 
65 4 2 0 0 0 0 
66 4 2 0 0 1 0 
67 6 3 0 0 0 0 
68 7 2 0 0 0 0 
69 13 2 0 0 0 0 0 
70 11 4 0 0 0 0 
71 13 2 0 0 0 0 
72 6 0 0 0 0 
73 3 0 0 0 0 0 1 
74 6 2 0 0 1 0 0 
75 2 0 0 0 0 0 0 
76 6 2 0 0 0 0 0 
77 6 0 0 0 1 0 
78 4 0 0 0 0 
79 6 1 0 0 0 
80 8 0 0 0 0 0 
81 6 2 0 0 0 1 
82 2 0 1 0 0 0 0 
83 3 0 0 0 0 0 0 
84 0 0 0 0 0 0 0 
85 0 8 
86 0 2 
87 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
88 0 1 
89 2 0 0 0 0 0 
90 0 0 0 0 0 0 1 
91 5 0 0 0 I l l 
92 0 0 1 0 0 0 0 0 
93 2 0 I 0 0 I 0 0 
94 9 0 0 0 0 1 0 1 
95 5 0 0 0 0 0 0 
96 8 3 0 0 0 0 0 0 
97 2 0 0 0 0 0 0 0 
98 2 0 I 0 0 1 0 0 
99 3 0 0 0 0 0 
100 3 1 0 0 1 0 0 
101 7 2 0 0 0 1 
102 8 2 1 0 0 0 I 0 
103 5 0 0 0 0 1 0 
104 4 0 1 0 0 0 0 
105 3 1 0 0 0 0 
106 2 0 0 0 0 0 0 
107 5 1 0 0 1 0 
108 2 0 0 0 0 l 0 0 
109 1 0 0 0 0 0 0 
110 3 1 0 0 0 0 0 
111 4 0 0 0 0 0 0 
112 2 0 0 0 0 0 0 
113 0 0 0 0 0 1 
114 5 1 0 0 0 0 0 
115 6 4 0 0 0 0 0 0 
116 4 4 0 l 0 0 0 0 
117 7 4 0 0 0 0 0 0 
118 3 2 0 0 0 0 0 0 
119 2 1 0 0 0 0 0 
120 13 7 0 0 0 0 0 1 
121 6 4 0 0 0 0 0 
122 6 5 0 0 0 0 0 
123 11 5 0 0 0 0 0 
124 7 0 0 0 0 0 
125 8 0 0 0 0 0 1 
126 18 5 0 0 0 0 0 0 
127 4 0 0 0 0 0 0 
128 3 1 0 0 0 0 0 
129 6 0 0 0 0 0 0 
130 4 0 0 0 0 0 0 1 
131 3 2 0 0 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
132 3 2 0 0 0 0 0 0 
133 8 2 0 0 0 0 0 0 
134 8 3 0 0 0 0 0 0 
135 9 0 0 0 1 
136 11 2 0 0 0 0 
137 13 8 0 0 0 0 
138 14 3 1 0 0 1 0 0 
139 3 0 0 0 0 0 0 1 
140 5 0 0 0 0 0 0 0 
141 8 0 0 0 0 
142 8 2 0 0 0 0 
143 11 2 0 0 0 1 
144 4 0 0 0 0 0 0 
145 2 0 0 0 0 0 
146 2 0 0 0 0 1 1 
147 8 2 0 0 0 0 0 0 
148 0 0 0 0 0 1 0 0 
149 0 0 0 0 0 
150 4 0 0 0 0 0 
151 3 0 0 0 
152 1 0 0 0 0 0 
153 11 3 0 0 0 0 0 1 
154 6 0 0 0 0 0 0 0 
155 4 2 0 0 0 0 
156 2 0 0 0 0 0 
157 8 1 0 0 0 1 
158 7 1 0 0 0 0 
159 0 0 0 0 1 I 
160 0 0 0 0 1 0 0 
161 0 0 0 0 0 0 
162 1 1 0 0 0 0 0 
163 3 0 0 0 0 0 0 0 
164 2 0 0 0 0 0 0 
165 1 0 0 0 0 
166 2 2 0 0 0 0 1 0 
167 3 1 0 0 0 I 0 
168 4 0 0 0 0 1 0 
169 2 0 0 0 0 0 
170 5 2 0 0 0 1 0 
171 4 2 0 0 0 0 1 
172 1 0 0 0 0 0 0 
173 0 0 0 0 0 0 
174 4 1 0 0 0 0 0 0 
175 4 3 0 0 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
176 4 0 0 1 
177 18 4 0 0 0 0 0 
178 22 5 0 0 0 0 0 
179 
180 
181 10 1 0 0 0 0 0 
182 6 3 0 0 0 
183 7 2 0 0 1 
184 6 1 1 0 0 0 0 
185 8 2 0 0 0 1 
186 8 0 0 0 0 0 
187 11 1 0 0 0 0 
188 16 3 I 0 I 0 1 
189 10 7 0 0 0 
190 10 7 0 0 0 
191 8 2 0 0 1 
192 3 0 0 0 
193 4 2 0 0 0 
194 5 0 0 0 0 1 
195 6 0 0 0 0 0 1 
196 4 0 0 0 0 0 0 
197 6 0 0 0 
198 5 0 0 0 0 
199 8 4 0 0 0 1 
200 7 0 0 0 0 0 
201 4 0 0 0 0 
202 0 1 
203 1 0 
204 0 0 0 0 0 0 0 
205 8 2 l 0 0 1 
206 7 2 0 0 0 1 0 
207 1 0 0 0 0 0 0 I 
208 3 0 0 0 0 0 0 
209 7 0 0 0 l 
210 7 2 0 0 0 1 1 
211 4 0 0 0 0 0 
212 4 0 0 0 0 
213 2 0 0 0 1 
214 2 0 0 0 0 0 
215 2 2 0 0 0 0 0 
216 0 0 0 0 0 
217 0 0 0 0 0 
218 6 1 0 0 0 0 
219 3 0 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (l/0) (1/0) (l/0) (l/0) (l/0) absence (l/0) 
220 3 1 0 0 0 0 0 
221 17 2 0 0 0 
222 3 0 I 0 0 0 
223 2 0 0 0 0 0 
224 2 0 0 0 0 0 
225 6 0 0 0 0 0 0 
226 0 I 0 0 0 
227 0 0 0 0 0 
228 1 0 0 0 I 0 l 
229 2 0 I 0 0 0 0 0 
230 6 0 0 0 0 
231 3 0 0 0 0 0 0 0 
232 15 8 I 0 0 0 0 
233 14 5 0 0 0 0 
234 10 7 0 I 0 0 0 1 
235 6 1 0 0 0 0 I 
236 7 3 0 0 0 0 0 
237 2 2 0 0 0 0 0 0 
238 7 1 0 0 0 0 0 
239 3 0 0 0 0 0 0 I 
240 4 1 0 0 0 0 l 0 
241 12 6 0 0 0 0 
242 3 0 0 0 0 0 
243 3 0 0 0 0 
244 3 0 0 0 l 1 
245 3 0 1 0 0 0 0 
246 5 0 0 0 0 
247 3 2 0 0 0 0 I 
248 7 0 0 0 0 0 0 
249 0 0 0 0 0 0 
250 5 0 0 0 0 0 
251 5 0 0 0 0 0 0 
252 4 0 0 0 0 0 0 
253 4 2 0 0 0 
254 8 2 0 0 0 1 0 
255 4 0 0 0 0 0 0 
256 6 0 0 0 0 0 0 
257 9 0 0 0 0 0 0 
258 6 0 0 0 0 0 
259 1 0 0 0 0 0 1 
260 3 0 0 0 0 0 0 
261 3 2 0 0 0 I 0 0 
262 3 1 0 0 0 0 0 0 
263 0 0 0 0 l 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
264 2 0 1 0 0 1 0 
265 0 0 0 0 0 0 
266 0 0 0 0 1 0 
267 8 0 0 0 0 
268 3 0 0 0 0 0 
269 4 0 0 0 0 1 0 
270 10 2 0 0 0 0 0 
271 5 1 0 0 0 1 0 
272 6 0 0 0 0 0 0 
273 3 0 0 0 0 0 0 
274 3 0 0 0 0 0 1 
275 2 0 0 0 0 0 0 
276 2 0 0 0 0 0 0 
277 2 0 0 0 0 0 0 0 
278 6 0 0 0 0 1 0 0 
279 7 0 0 0 1 0 
280 16 7 0 0 0 0 0 
281 16 6 0 0 0 0 
282 0 0 0 0 0 0 
283 0 0 0 0 0 0 
284 2 0 0 1 1 0 
285 10 0 1 0 0 1 0 1 
286 10 2 0 0 0 0 0 0 
287 2 0 0 0 0 0 0 
288 3 0 0 0 0 0 0 
289 9 3 0 0 0 0 0 
290 9 3 0 0 0 0 0 
291 6 3 0 0 0 0 0 
292 8 3 0 0 0 0 0 
293 4 0 0 0 0 0 0 1 
294 6 0 0 0 0 0 0 0 
295 8 0 1 0 0 0 0 1 
296 3 0 0 0 0 0 
297 10 0 0 0 0 
298 8 0 0 0 0 
299 7 2 I 0 0 0 0 
300 8 2 0 0 0 0 0 1 
301 11 0 0 0 0 0 0 
302 10 0 0 0 0 0 0 
303 2 0 0 0 0 0 0 
304 2 0 0 0 0 0 0 0 
305 2 2 0 0 0 0 0 1 
306 4 0 0 0 0 0 1 0 
307 3 0 0 0 0 0 0 
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Table 4. Continued 
Disease Insect Insect 
Disease Disease (root injury injury Mechanical 
(crown) (trunk) collar) (crown) (trunk) injury (root 
# of # of Presence/ Presence/ Presence/ Presence/ Presence/ collar) 
competitors competitors absence absence absence absence absence Presence/ 
Tree # within 20 m within 9 m (1/0) (1/0) (1/0) (1/0) (1/0) absence (1/0) 
308 2 0 0 0 0 1 
309 7 0 0 0 0 0 
310 4 0 0 0 0 0 
311 10 0 0 0 1 1 0 
312 10 0 0 0 0 0 0 0 
313 4 0 0 0 1 0 0 
314 4 2 0 0 0 0 0 
315 4 2 0 0 0 0 
316 1 0 0 0 0 0 
317 2 0 0 0 0 1 
318 4 0 0 0 0 0 0 
319 5 0 0 0 1 1 1 
320 8 0 0 0 0 0 
321 12 2 0 0 0 0 0 
322 2 0 0 0 0 0 0 
323 4 1 0 0 0 0 0 0 
324 7 0 0 0 0 0 0 0 
325 7 2 0 0 0 0 1 0 
326 7 0 0 0 0 0 0 0 
327 0 1 
328 0 0 0 0 0 0 
329 4 1 0 0 0 0 0 0 
330 0 0 0 0 0 0 0 0 
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APPENDIX B Table 5. Additional abiotic factors: core bulk density, pH, electrical 
conductivity, presence ( 1) or absence (0) of pavement or foundation, and exact 
distance to pavement or foundation (m). 
Bulk Electrical Presence/ Exact Presence/ Exact 
density (g conductivity absence(l/0) of distance from absence(l/0) of distance from 
Tree # cm-3) pH (µS/cm·
1) pavement pavement foundation foundation 
1 1.21 7.24 180 0.00 20.00 0.00 20.00 
2 1.19 7.22 192 0.00 20.00 0.00 20.00 
3 1.23 7.18 201 0.00 20.00 0.00 20.00 
4 1.12 7.17 205 0.00 20.00 0.00 20.00 
5 1.06 7.31 206 1.00 4.76 0.00 20.00 
6 1.30 6.61 146 0.00 20.00 0.00 20.00 
7 1.18 6.53 174 0.00 20.00 0.00 20.00 
8 1.07 6.94 220 0.00 20.00 0.00 20.00 
9 1.33 6.93 231 1.00 3.13 0.00 20.00 
10 1.10 7.11 238 1.00 14.02 1.00 11.00 
11 1.11 6.40 161 1.00 15.24 0.00 20.00 
12 1.24 7.12 231 1.00 0.91 0.00 20.00 
13 1.20 6.69 200 1.00 1.59 1.00 9.81 
14 1.05 6.78 218 1.00 2.81 1.00 12.65 
15 1.12 6.76 276 1.00 0.53 1.00 8.84 
16 1.14 7.03 233 1.00 2.06 1.00 9.14 
17 1.03 6.27 183 1.00 1.10 0.00 20.00 
18 1.12 6.41 169 1.00 4.93 0.00 20.00 
19 1.14 6.36 180 1.00 6.10 1.00 3.05 
20 1.20 6.12 179 1.00 11.73 1.00 0.91 
21 1.17 6.42 236 1.00 3.00 1.00 6.10 
22 1.00 7.00 161 1.00 2.20 0.00 20.00 
23 1.13 7.01 168 1.00 2.20 1.00 15.24 
24 1.11 6.86 174 1.00 4.70 1.00 5.09 
25 1.11 6.69 303 1.00 9.82 1.00 17.98 
26 1.18 6.56 206 0.00 20.00 1.00 12.62 
27 1.25 6.89 225 1.00 5.37 1.00 13.66 
28 1.29 6.72 190 1.00 7.09 0.00 20.00 
29 1.07 6.85 196 1.00 1.27 1.00 10.36 
30 1.12 6.47 210 1.00 3.45 1.00 9.14 
31 1.18 6.66 185 1.00 3.05 1.00 13.20 
32 1.11 6.94 190 1.00 2.12 1.00 12.75 
33 1.02 6.61 212 1.00 3.56 0.00 20.00 
34 
35 
36 1.12 6.64 204 1.00 10.23 0.00 20.00 
37 1.07 6.85 211 1.00 6.31 0.00 20.00 
38 1.02 6.88 199 0.00 20.00 0.00 20.00 
39 1.04 6.79 215 1.00 3.69 1.00 12.19 
40 1.08 6.94 203 0.00 20.00 1.00 12.19 
41 0.99 6.47 306 1.00 1.35 1.00 9.14 
42 0.85 6.67 280 1.00 2.24 1.00 12.89 
43 1.18 6.85 198 1.00 4.52 1.00 7.22 
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Table 5. Continued 
Bulk Electrical Presence/ Exact Presence/ Exact 
density (g conductivity absence(l/0) of distance from absence(l/0) of distance from 
Tree # cm-3) pH (µS/cm·
1
) pavement pavement foundation foundation 
44 1.24 5.77 130 1.00 8.87 0.00 20.00 
45 1.19 7.06 180 1.00 8.49 0.00 20.00 
46 1.02 6.15 240 1.00 5.40 0.00 20.00 
47 1.16 6.41 161 0.00 20.00 0.00 20.00 
48 1.06 5.76 148 1.00 18.59 0.00 20.00 
49 1.06 6.93 210 1.00 1.63 1.00 13.11 
50 0.97 6.54 274 1.00 1.75 1.00 10.97 
51 1.02 6.59 236 1.00 2.48 1.00 6.89 
52 0.88 6.55 277 1.00 2.24 1.00 8.69 
53 1.31 7.95 193 1.00 1.65 1.00 16.76 
54 1.33 7.63 162 1.00 0.36 1.00 17.95 
55 1.31 5.99 112 1.00 0.91 1.00 3.35 
56 1.10 7.05 194 1.00 1.01 0.00 20.00 
57 1.28 7.06 134 1.00 1.81 0.00 20.00 
58 1.51 7.28 100 0.00 20.00 0.00 20.00 
59 1.34 6.68 152 1.00 10.97 0.00 20.00 
60 1.31 6.59 139 1.00 7.34 0.00 20.00 
61 1.39 6.90 160 1.00 3.05 0.00 20.00 
62 1.40 6.76 150 1.00 7.69 0.00 20.00 
63 1.39 6.74 144 1.00 7.69 0.00 20.00 
64 1.39 6.58 156 1.00 7.08 0.00 20.00 
65 1.22 6.69 167 1.00 0.88 1.00 12.19 
66 1.28 6.87 163 1.00 1.56 1.00 11.19 
67 1.39 6.77 159 1.00 1.10 1.00 7.89 
68 1.32 6.84 169 1.00 1.10 1.00 7.62 
69 1.19 6.59 155 1.00 17.57 0.00 20.00 
70 1.15 6.45 165 1.00 14.78 0.00 20.00 
71 1.13 6.65 152 0.00 20.00 0.00 20.00 
72 1.28 6.83 151 1.00 6.43 1.00 12.19 
73 1.23 7.19 140 1.00 0.96 0.00 20.00 
74 1.24 7.08 158 1.00 0.91 0.00 20.00 
75 1.23 7.03 164 1.00 2.31 0.00 20.00 
76 1.35 6.99 146 1.00 2.04 1.00 8.53 
77 1.36 6.50 204 1.00 0.46 0.00 20.00 
78 1.21 6.61 221 0.00 20.00 1.00 18.90 
79 1.17 6.24 197 0.00 20.00 1.00 7.96 
80 1.38 5.96 135 0.00 20.00 0.00 20.00 
81 1.34 6.34 137 1.00 0.96 1.00 11.13 
82 1.07 6.83 168 1.00 1.37 1.00 18.29 
83 1.35 7.16 140 1.00 2.54 1.00 16.76 
84 1.26 6.74 171 1.00 1.12 1.00 7.18 
85 
86 
87 1.38 7.38 212 1.00 6.58 0.00 20.00 
88 
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Table 5. Continued 
Bulk Electrical Presence/ Exact Presence/ Exact 
density (g conductivity absence(l/0) of distance from absence(l/0) of distance from 
Tree # cm-3) pH (µS/cm-
1) pavement pavement foundation foundation 
89 1.34 6.60 134 1.00 8.17 0.00 20.00 
90 1.39 6.88 127 1.00 1.83 0.00 20.00 
91 1.18 6.67 194 1.00 9.58 0.00 20.00 
92 1.32 7.07 129 1.00 3.87 1.00 9.75 
93 1.21 7.11 149 1.00 1.85 1.00 12.19 
94 1.49 7.22 136 1.00 2.02 1.00 10.18 
95 1.22 7.18 137 1.00 0.52 1.00 10.36 
96 1.36 7.34 126 1.00 2.44 1.00 12.19 
97 1.03 7.18 143 1.00 1.22 0.00 20.00 
98 1.11 7.10 165 1.00 1.22 0.00 20.00 
99 1.23 6.86 142 1.00 1.83 0.00 20.00 
100 1.22 7.19 174 1.00 3.23 0.00 20.00 
101 1.31 6.01 165 0.00 20.00 0.00 20.00 
102 1.26 6.69 170 1.00 11.19 0.00 20.00 
103 1.31 6.74 188 1.00 1.52 0.00 20.00 
104 1.11 6.12 182 0.00 20.00 1.00 16.47 
105 1.17 6.68 223 1.00 0.91 0.00 20.00 
106 1.12 6.55 197 0.00 20.00 1.00 3.05 
107 0.92 6.61 236 1.00 0.95 1.00 9.17 
108 1.21 7.24 123 1.00 0.30 1.00 6.10 
109 1.26 7.14 150 1.00 0.14 1.00 5.52 
110 1.13 7.03 174 1.00 0.30 1.00 5.21 
111 1.35 7.17 131 1.00 2.11 0.00 20.00 
112 1.34 7.43 168 1.00 2.11 1.00 10.36 
113 1.03 7.02 229 1.00 5.08 0.00 20.00 
114 1.18 7.16 153 1.00 3.46 0.00 20.00 
115 0.99 6.47 156 1.00 10.91 0.00 20.00 
116 1.05 6.20 146 0.00 20.00 0.00 20.00 
117 1.17 6.05 101 0.00 20.00 0.00 20.00 
118 1.08 6.33 155 0.00 20.00 0.00 20.00 
119 1.26 6.87 158 0.00 20.00 0.00 20.00 
120 1.27 7.24 222 1.00 3.88 0.00 20.00 
121 1.18 6.87 193 1.00 3.05 0.00 20.00 
122 1.10 6.78 230 1.00 3.05 0.00 20.00 
123 1.17 6.80 200 0.00 20.00 0.00 20.00 
124 1.18 7.04 222 1.00 2.80 0.00 20.00 
125 1.17 6.89 314 1.00 2.80 0.00 20.00 
126 1.53 7.39 171 1.00 8.20 0.00 20.00 
127 1.11 6.78 210 1.00 4.15 1.00 5.27 
128 1.03 6.78 247 1.00 9.64 0.00 20.00 
129 1.12 6.26 168 0.00 20.00 0.00 20.00 
130 1.05 6.63 205 0.00 20.00 0.00 20.00 
131 1.09 6.72 252 1.00 3.57 1.00 10.06 
132 1.14 6.96 261 1.00 3.58 1.00 9.14 
133 1.25 6.73 206 1.00 4.70 1.00 6.52 
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134 1.31 6.40 191 1.00 3.52 0.00 20.00 
135 1.35 6.80 116 1.00 15.24 0.00 20.00 
136 1.33 6.72 155 1.00 4.47 1.00 9.14 
137 0.70 6.28 302 0.00 20.00 0.00 20.00 
138 0.77 6.72 194 1.00 13.44 0.00 20.00 
139 1.03 6.65 256 1.00 1.77 1.00 5.52 
140 1.06 6.76 300 1.00 2.60 1.00 11.43 
141 1.13 7.01 140 1.00 3.47 1.00 9.14 
142 1.07 6.88 153 1.00 3.52 0.00 20.00 
143 0.99 6.43 184 1.00 15.00 0.00 20.00 
144 1.03 6.88 244 1.00 11.54 0.00 20.00 
145 1.12 6.91 222 1.00 1.52 0.00 20.00 
146 1.28 6.86 244 1.00 3.61 0.00 20.00 
147 1.23 6.70 225 1.00 2.21 1.00 8.05 
148 0.97 6.61 240 1.00 2.21 1.00 9.36 
149 0.97 6.71 254 1.00 0.28 1.00 12.19 
150 1.15 7.07 186 1.00 2.44 1.00 9.14 
151 1.21 6.12 179 1.00 16.73 1.00 16.73 
152 1.20 5.92 160 1.00 17.40 1.00 6.71 
153 1.39 7.26 163 1.00 3.11 0.00 20.00 
154 1.33 5.89 151 1.00 5.52 0.00 20.00 
155 1.18 7.06 240 1.00 1.22 1.00 4.57 
156 1.43 7.08 177 1.00 1.22 1.00 6.10 
157 1.28 6.66 187 1.00 1.22 0.00 20.00 
158 1.35 6.76 193 1.00 1.22 0.00 20.00 
159 1.43 7.24 146 1.00 0.49 1.00 4.57 
160 1.13 6.68 205 1.00 1.52 1.00 1.83 
161 0.94 7.10 254 1.00 1.40 1.00 2.23 
162 0.81 7.13 258 1.00 1.40 1.00 2.23 
163 1.14 6.15 181 1.00 10.03 0.00 20.00 
164 1.22 5.88 159 1.00 10.05 0.00 20.00 
165 1.25 6.70 209 1.00 5.19 0.00 20.00 
166 1.36 6.63 159 1.00 7.92 0.00 20.00 
167 1.17 6.17 149 1.00 1.67 0.00 20.00 
168 1.19 6.93 206 1.00 1.52 1.00 7.53 
169 1.13 7.04 195 1.00 0.76 1.00 7.92 
170 1.17 6.97 174 1.00 1.83 0.00 20.00 
171 1.35 6.76 177 1.00 1.92 0.00 20.00 
172 1.32 7.99 236 1.00 0.75 1.00 6.10 
173 1.31 7.70 256 1.00 0.75 1.00 17.68 
174 1.16 7.27 268 1.00 1.74 1.00 15.42 
175 1.29 7.10 209 1.00 1.74 1.00 15.42 
176 1.37 6.57 120 1.00 1.34 1.00 3.72 
177 1.31 6.82 126 1.00 6.74 0.00 20.00 
178 1.17 5.87 136 1.00 15.24 0.00 20.00 
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179 
180 
181 1.27 6.03 191 1.00 1.90 1.00 6.86 
182 1.05 5.59 188 1.00 2.69 1.00 9.30 
183 1.24 6.45 154 1.00 3.03 1.00 5.79 
184 1.20 6.27 246 1.00 2.79 1.00 8.84 
185 1.26 6.47 212 1.00 8.08 1.00 7.83 
186 1.56 7.00 174 1.00 5.39 1.00 5.39 
187 1.09 7.05 258 0.00 20.00 0.00 20.00 
188 1.35 6.78 149 1.00 8.93 0.00 20.00 
189 1.19 6.48 207 1.00 1.86 0.00 20.00 
190 1.28 6.15 176 1.00 3.08 0.00 20.00 
191 1.23 6.03 161 1.00 4.10 0.00 20.00 
192 1.22 6.75 170 1.00 3.05 1.00 6.71 
193 1.31 6.50 193 1.00 5.57 0.00 20.00 
194 1.11 6.47 252 1.00 5.46 0.00 20.00 
195 1.19 6.99 199 1.00 3.24 0.00 20.00 
196 1.34 6.67 133 1.00 2.81 0.00 20.00 
197 1.10 6.13 191 1.00 3.57 1.00 9.30 
198 1.26 6.50 161 1.00 2.03 1.00 16.31 
199 1.34 6.22 151 1.00 1.68 0.00 20.00 
200 1.03 5.54 218 1.00 3.28 0.00 20.00 
201 1.09 6.63 222 1.00 2.16 0.00 20.00 
202 
203 
204 0.77 6.78 197 1.00 0.91 1.00 7.62 
205 1.28 5.87 121 1.00 7.56 0.00 20.00 
206 1.37 6.22 95 1.00 6.05 0.00 20.00 
207 1.22 5.42 211 1.00 15.24 0.00 20.00 
208 1.17 5.27 223 1.00 10.73 0.00 20.00 
209 1.17 5.65 186 1.00 2.25 1.00 12.59 
210 1.29 5.76 153 1.00 2.25 1.00 3.44 
211 1.27 5.61 151 1.00 0.80 1.00 13.72 
212 1.13 6.22 126 1.00 1.09 0.00 20.00 
213 1.41 6.48 129 1.00 9.14 1.00 4.88 
214 1.22 5.99 204 1.00 7.32 1.00 7.32 
215 1.21 6.37 181 1.00 4.27 1.00 4.27 
216 1.23 5.83 115 1.00 7.08 0.00 20.00 
217 0.98 5.45 147 0.00 20.00 0.00 20.00 
218 1.10 6.11 168 1.00 7.35 0.00 20.00 
219 0.97 6.24 119 1.00 0.65 0.00 20.00 
220 0.92 5.63 162 1.00 0.65 0.00 20.00 
221 1.19 6.26 150 1.00 8.52 0.00 20.00 
222 1.00 6.41 211 1.00 1.66 1.00 10.82 
223 1.14 6.64 148 1.00 1.92 1.00 12.19 
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224 0.95 5.97 165 1.00 3.05 1.00 6.71 
225 1.24 6.48 157 1.00 1.22 1.00 10.67 
226 1.02 6.42 166 1.00 2.58 0.00 20.00 
227 1.12 6.61 155 1.00 1.35 0.00 20.00 
228 1.28 6.79 123 1.00 1.90 0.00 20.00 
229 1.49 6.48 176 1.00 0.91 0.00 20.00 
230 1.35 6.66 170 1.00 4.64 0.00 20.00 
231 1.33 6.60 169 1.00 1.52 0.00 20.00 
232 1.18 6.17 193 1.00 16.46 0.00 20.00 
233 1.29 6.65 143 1.00 17.68 0.00 20.00 
234 1.07 6.91 191 1.00 3.79 0.00 20.00 
235 1.05 7.04 222 1.00 0.91 0.00 20.00 
236 0.93 6.74 255 1.00 15.21 0.00 20.00 
237 0.94 6.40 257 1.00 6.10 0.00 20.00 
238 1.09 6.83 252 1.00 8.44 1.00 6.10 
239 1.08 5.42 233 1.00 5.66 0.00 20.00 
240 0.90 6.80 237 1.00 1.16 1.00 11.37 
241 0.92 6.94 151 1.00 2.07 1.00 5.39 
242 0.82 6.64 300 1.00 1.08 1.00 10.00 
243 0.86 6.69 244 1.00 0.79 0.00 20.00 
244 0.94 6.96 253 1.00 1.72 1.00 7.35 
245 1.11 6.71 159 1.00 5.42 1.00 11.13 
246 0.87 7.02 292 1.00 1.95 0.00 20.00 
247 0.73 6.94 303 1.00 2.48 1.00 7.47 
248 1.02 6.30 223 1.00 0.53 1.00 9.14 
249 1.05 6.22 190 1.00 3.17 1.00 9.79 
250 0.88 6.79 178 1.00 1.92 1.00 9.24 
251 1.12 6.71 187 1.00 1.55 1.00 12.22 
252 1.12 6.40 143 1.00 6.62 0.00 20.00 
253 1.03 6.51 168 1.00 4.57 0.00 20.00 
254 1.15 6.13 134 1.00 5.52 0.00 20.00 
255 1.14 6.13 156 0.00 20.00 0.00 20.00 
256 1.05 6.49 180 1.00 1.40 1.00 14.81 
257 1.15 6.13 138 1.00 1.13 1.00 12.50 
258 1.10 5.97 148 1.00 3.84 1.00 10.40 
259 1.03 5.78 143 1.00 3.21 1.00 13.66 
260 0.39 6.76 235 1.00 0.54 0.00 20.00 
261 0.88 7.29 151 1.00 0.76 1.00 11.16 
262 0.50 7.28 210 1.00 0.16 1.00 4.21 
263 0.98 7.45 178 1.00 2.68 0.00 20.00 
264 1.12 5.67 117 0.00 20.00 0.00 20.00 
265 1.12 6.62 163 0.00 20.00 1.00 9.69 
266 1.06 6.24 129 1.00 0.66 0.00 20.00 
267 1.17 6.10 120 1.00 2.01 1.00 2.01 
268 1.04 5.39 165 0.00 20.00 0.00 20.00 
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269 1.13 6.21 154 1.00 6.71 0.00 20.00 
270 1.13 6.13 151 1.00 2.88 1.00 13.11 
271 0.90 5.92 226 1.00 3.12 0.00 20.00 
272 0.85 5.84 253 1.00 0.91 1.00 10.79 
273 1.11 6.81 169 1.00 1.22 1.00 10.73 
274 0.74 6.96 177 1.00 4.74 0.00 20.00 
275 0.84 6.93 171 1.00 1.68 0.00 20.00 
276 0.64 7.35 193 1.00 2.65 0.00 20.00 
277 0.37 6.83 212 1.00 2.65 0.00 20.00 
278 1.17 7.04 157 1.00 12.84 0.00 20.00 
279 1.34 6.93 162 0.00 3.38 1.00 3.38 
280 1.04 6.94 194 1.00 8.87 0.00 20.00 
281 1.14 7.10 184 1.00 8.87 0.00 20.00 
282 1.39 7.65 225 0.00 20.00 0.00 20.00 
283 1.28 7.67 243 0.00 20.00 0.00 20.00 
284 1.16 6.95 182 1.00 16.34 0.00 20.00 
285 1.31 6.77 172 1.00 12.19 0.00 20.00 
286 1.46 7.01 129 1.00 16.15 1.00 5.70 
287 1.24 6.93 199 1.00 8.60 0.00 20.00 
288 1.15 6.97 195 1.00 19.24 0.00 20.00 
289 1.09 7.11 271 1.00 3.25 1.00 1.10 
290 1.02 7.02 287 1.00 3.25 0.00 20.00 
291 1.12 6.90 221 1.00 3.25 0.00 20.00 
292 1.20 6.73 198 1.00 3.25 0.00 20.00 
293 1.19 6.83 192 1.00 8.92 0.00 20.00 
294 1.31 6.89 184 1.00 16.73 0.00 20.00 
295 1.33 6.92 157 1.00 4.62 0.00 20.00 
296 1.28 6.88 172 1.00 9.15 0.00 20.00 
297 0.97 6.47 203 1.00 1.18 1.00 11.86 
298 1.15 6.76 204 1.00 3.11 1.00 15.79 
299 1.21 6.67 173 1.00 3.12 1.00 17.77 
300 1.08 6.74 212 1.00 2.95 1.00 6.16 
301 1.29 7.11 154 1.00 0.61 1.00 18.11 
302 1.11 6.98 151 1.00 0.61 0.00 20.00 
303 0.72 6.58 485 1.00 0.96 1.00 10.45 
304 1.25 7.05 212 1.00 0.61 1.00 8.02 
305 1.16 6.82 264 1.00 2.44 0.00 20.00 
306 1.26 7.29 250 1.00 0.91 1.00 2.93 
307 1.17 7.11 219 1.00 5.75 1.00 7.28 
308 1.31 7.31 219 1.00 9.14 0.00 20.00 
309 1.18 7.38 251 1.00 1.25 1.00 10.09 
310 1.16 7.22 237 1.00 2.74 1.00 9.72 
311 1.07 6.80 219 1.00 1.25 1.00 8.38 
312 1.15 7.12 265 1.00 0.88 1.00 11.13 
313 1.24 7.52 194 1.00 4.56 1.00 3.05 
125 
Table 5. Continued 
Bulk Electrical Presence/ Exact Presence/ Exact 
density (g conductivity absence(l/0) of distance from absence(l/0) of distance from 
Tree # cm-3) pH (µS/cm·
1) pavement pavement foundation foundation 
314 1.19 7.16 169 1.00 1.52 0.00 20.00 
315 1.14 7.17 196 1.00 1.78 0.00 20.00 
316 1.19 7.38 202 1.00 1.28 0.00 20.00 
317 1.17 6.79 196 1.00 4.52 0.00 20.00 
318 1.11 6.70 231 1.00 12.01 0.00 20.00 
319 1.08 6.94 175 1.00 12.52 0.00 20.00 
320 1.20 7.28 204 1.00 5.27 0.00 20.00 
321 1.23 7.22 179 1.00 5.27 0.00 20.00 
322 1.21 7.20 220 1.00 6.61 0.00 20.00 
323 1.02 6.82 280 1.00 1.22 1.00 9.88 
324 0.98 6.76 285 1.00 0.55 1.00 12.10 
325 1.11 7.13 240 1.00 1.47 1.00 11.89 
326 1.08 7.28 265 1.00 2.36 0.00 20.00 
327 
328 1.04 7.12 274 1.00 0.91 1.00 0.91 
329 1.12 7.18 26 1.00 1.01 1.00 6.71 
330 0.65 7.04 276 1.00 1.25 1.00 3.69 
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Table 6. Additional abiotic variables for the Iowa-2 cluster. 
Available pant P Available pant K Percent of organic matter (g Percent of 
Tree# (ppm) (ppm) kg-1) Clay(%) Texture class 
115 53.5 186 4.34 12 Silt Loam 
116 43 125 4.03 16 Silt Loam 
117 24 93 3.86 14 Silt Loam 
118 35.5 147 5.11 14 Silt Loam 
119 34 129.5 4.29 14 Silt Loam 
120 12.5 187.5 6.42 14 Silt Loam 
121 42.5 118 6.4 8 Loam 
122 45.5 142.5 7.7 8 Loam 
123 42.5 154 5.24 11 Loam 
124 8.5 132 6.74 10 Loam 
125 6.5 113 8.51 6 Sandy Loam 
126 31.5 97.5 3.4 5 Sandy Loam 
127 80 192 9.2 11 Loam 
128 152 305.5 10.35 12 Loam 
129 28.5 106 5.8 10 Loam 
130 72 138.5 7 18 Loam 
131 112 250 7.55 12 Sandy Loam 
132 96 230.5 8.08 9 Sandy Loam 
133 102 203.5 4.62 12 Sandy Loam 
134 92 138.5 4.12 10 Sandy Loam 
135 50 103 5.4 10 Loam 
136 68 136.5 6.48 11 Loam 
137 49.5 163.5 10.4 5 Sandy Loam 
138 46 192 8.9 14 Loam 
139 47.5 162 8.15 14 Loam 
140 57.35 140.5 8.67 13 Loam 
141 53.5 173 6.76 14 Loam 
142 54 194.5 7.05 14 Loam 
143 148 279.5 6.23 12 Silt Loam 
144 94 321.5 6.52 18 Silt Loam 
145 27.5 302 7.64 22 Loam 
146 74 262.5 6.94 17 Loam 
147 78 231 6.5 19 Loam 
148 100 363.5 5.82 17 Loam 
149 84 246 6.17 18 Loam 
150 54.5 224 5.34 18 Loam 
151 54.4 93 4.94 8 Sandy Loam 
152 42.5 82.5 5.02 9 Loam/ Sandy Loam 
153 74 134 3.01 14 Loam 
154 70 84.5 2.8 7 Sandy Loam 
155 70 218.8 6.81 18 Loam 
156 78 112 3.55 10 Sandy Loam 
157 38 144.5 5.17 12 Loam 
158 53.5 170.5 4.21 14 Loam 
159 44.5 234 2.97 5 Sandy Loam 
160 128 174 5.7 13 Sandy Loam 
161 50 164 9.26 7 Loam/ Sandy Loam 
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Available pant P Available pant K Percent of organic matter (g Percent of 
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162 56.5 186 11.68 10 Loam/ Sandy Loam 
163 31 213 6.85 10 Loam 
164 28 163 6.58 18 Loam 
165 38 245 5.75 13 Loam 
166 20.5 169 4.46 16 Loam 
167 25 212.5 4.74 12 Loam 
168 64 118.5 4.9 16 Loam 
169 76 214 6.95 15 Loam 
170 66 111.5 6.57 4 Fine Sandy Loam 
171 74 196.5 3.8 10 Sandy Loam 
172 52.5 770 4.68 7 Sandy Loam 
173 55.5 513 4.66 7 Sandy Loam 
174 68 249.5 8.58 15 Loam/ Sandy Loam 
175 55.5 198 7.38 14 Loam 
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